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THE  WE8TINQH0U8E   INDUSTRIES. 
WMBttnahouM  Eltotrio  L  Mfg.  Co.,  PIttaburg. 

ThrOni^n'  siliJ'h  4 -Sign.!  Co..  8wi..v.l..  P.. 

ThJ  p7rk lit  Elwlrlo  Switch   Mfg.   Co..   Bridge- 

PItUbum  MS.r  Co..  E..t  PitUbura.  P«. 

R    D.  ffultall  Co.,  Piltiburg,  P^-.^  ^^^.^^ 

WMtlnghouM  Automatio  Air  &  SUam  Coupler 

Co.,  St.  Louit.  Mo.    ^ 
Narnti  Lamp  Co.,  Pltt««>urg.  Pj^„^..^,_-    p, 
WartlnghouM  Trao.  Br.  Co.    Wllmording,  Pa. 
Coopar  Hewitt  Electrio  Co..  New  York.  N.  Y. 
Tha  Weetlnghoute  Foundriet  Co.,  Trafford,  Pa. 
The  Weetlnghoute  Air  Brake  Co.,  Ltd.,  London, 

England,  and  Hanover.  Q«r,'»>*»'y«  .    „,_    co 
The  Britiib  Weetlnghoute  EJeotrfo  &  Mfg.  Co., 

Ltd.,  Manoheeter,  England. 
Soolote  Anonyme  Weetlnghoute,  Le  H«vr«- 
Weetlnghoute    Eleotrloltatt  ■  Aotlengetelltohaft, 

Berlin,  Germany  u.«ii»«n 

Canadian   Weetlnghoute   Co.,   "-td.,   Hamilton. 
Campagnle    Internationale    Pour    le    Chauffagee 

Dee   ChemlM   Da   Fer  Sytteme   Helntz,   Ltd., 

CaU"i?nl.  ^ifi'SJ-a    Wettlnghout.    del    Frenl. 

SodSte'EllotVlque  Weetlnghoue*  De  Rutele,  11 

Naveky  Proepeot.  St.  Petereburg,  R""'*- .     , 
The  Weetinghouee   Cooper   Hewltl   Co.,   Ltd.,   z 

Norfolk  Street,  Strand,  W.  C,  ^•"S'"-  .h„-_ 
Soolete  Anonyme  Weetlnghoute,   St.  Petereburg, 

2  Priloukekala,  St.  Petereburg,  Ru««'«-  -^ 
Weetlnghoute  Electric  Co.,  Ltd.,  ^-0"°®"'  ^"9;. 
The   Weetinghouee   Metal    Filament   Lamp   Co., 

Ltd.,  London,  England. 
Holland-Amerioan  Conttructlon  Co.,  London. 
Sooleta  Itallana  Weetlnghoute,  Qenoa,   Italy. 
Tho  Traction  &  Power  Securltlee  Co.,  Ltd.,  Lon- 

wiSJnghoute"  'Metallfaden      Kluehlampenfabrlk 
Qaeellechaft,  m.  b.  H.,  Vienna,  Auetrla. 


PITTMUna   AND   THE  WEtTINQHOUtC 

INTERESTS. 
Pittsburg  lies  whrr«  tk«  Ancfbcny  and 
Ifonongahela  rivers  Join  to  form  th«  Ohio.  Th« 
Steel  City  is  embraced  in  the  Kreatest  indus- 
trial region  of  the  world.  Th«  daily  wage  roll 
is  reputed  to  be  oter  a  million  dollars.  Steel 
and  machinery  are  manufactured  in  immense 
quantities.  The  wealth  tbft  has  accrued  as  a 
result  of  the  city's  industries  expresses  itself  In 
scores  of  handsome  office  builuings.  miles  of 
beautiful  homes,  and*  extensive  parks  and 
boulevards. 

The  Westinghoua*  interests  started  humbly 
in  Pittsbun  and  have  been  closely  identified 
with  the  city's  development.  The  growth  of 
business  required  the  removal  of  the  works  to 
less  restricted  quarters  in  a  number  of  small 
towns  adjoining  Pittsburg  on  the  east,  and  on 
the  main  line  of  ^e  Pennsylvania  Railroad,  as 
shown  in  the  accompanying  map. 

In  Pittsburg.  <n  the  Westinghouse  Building, 
corner  Ninth  &  Penn,  are  the  district  offices  of 
tiie  Westinghouse  Machine  Co.  and  the  West- 
inghouse Air  Brake  Co.  The  district  office  of 
the  Westinghouse  Electric  k  Manufacturing  Co. 
is  in  the  Union  Bank  Building,  Fourth  and 
Wood  St«.  The  office  of  the  Cooper  Hewitt 
Electric  Co.  is  in  the  Wabash  Building.  At 
Garrison  Place  and  Fayette  Street  are  located 
the  works  of  the  Nemst  Lamp  Co.  and  of  the 
R.  D.  Nuttall  Co.,  manufacturers  of  gears, 
piflions  and  trolleys. 

At  Swiftsvale,  eight  miles  from  Pittsburg,  are 
the  works  of  the  Union  Switch  and  Signal  Com- 
pany, signal  engineers  and  manufacturers  of 
railway  signals  and  interlocking  apparatus. 

At  East  Pittsburg  (12  miles)  are  the  gen- 
eral offices  and  works  of  the  Westinghouse 
Electric  tt  Manufacturing  Co.,  makers  of  all 
kinds  of  electrical  apparatus;  the  office  and 
works  of  the  Westinghouse  Machine  Co., 
makers  of  steam  engines  and  turbines,  gas 
engines,  and  stokers;  and  tbe  works  of  the 
Pittsburg  Meter  Co.,  manufacturers  of  water 
meters  and  gas  meters.  __,      , 

At  Wilmerding  (14  mfles)  are  the  Westing- 
bouse  Air  Brake  Company,  manufacturers  of 
air  brakes  and  compressors,  and  tbe  offices  and 
works  of  the  Westinghouse  Traction  Brake 
Company,  makers  of  brakes  for  electric  roads, 
and  motor  and  belt-driven  air  compressors. 

At  TrafTord  City  (18  miles)  is  the  Westing- 
house Foundry  Company. 

The  visitor  can  most  easily  reach  the  West- 
inghouse plants  by  availing  himself  of  the 
suburban  service  of  the  Pennsylvania  Railroad 
from  the  Union  Station,  Pittsburg,  which  runs 
frequent  trains  passing  all  the  works,  or  be  can 
take  one  of  the  many  electric  lines. 
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Heat  Units  and  Their  Equivalents 28,  24 

Heating   Apparatus,   Electric *i,  46 

Hotels  in  Principal  Cities 98-96 

Hydraulic    Formula     24 

Illumination,  Calrilation  of 76 

Incandescent  Lamps 70-76 

LeBlanc  Condenser 66 

Locomotives,   Direct  Current 9,  10 

Locomotives,    Single-Phase   A.C 7-10 

Machine  Tools,  Application  ot  Motors  to.    28-80 

Machine  Tools,  Power  Required  tor 80 

Metallixed-Filanent    Lamps.... 72,  78 

Meter  Testing ' 86-48 

Morse  Chain  Data 66-69 

Motor  Control,  Direct  Current 88 
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Motors  for  Wood- Working  Machinery...   31,  82 
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Power  Factor,  Definition  of 19 
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Reduction    Gear 49 
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Roney  Mechanical  Stoker 63 

Rotary   Converters 13 
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Steam  Engines,  H.P.  Formulae 24 
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Steam  Turbines,  High  Pressure 61 
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Steam  Turbines,  Small 63 

Stokers,  Roney  Mechanical,  Features  of 63 
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Transformers    16-17 
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Water  Fall,  Formula  for  Horsepower  of ... .  24 
Wire    Table,    Weights,    Resistances,    Dimen- 
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Wir«  Type  Lamps •  •  74 


THE  SINGLE-PHASE  RAILWAY  SYSTEM. 

The  essential  advantages  of  the  alternating 
current  single-phase  system  are  the  higher  trol- 
ley voltage  possible,  reduction  in  transmission 
and  transtormer  costs  and  the  elimination  of 
rotary-converter  sub-stations.  It  is  to  these 
that  the  saving  both  in  first  cost  and  in  ex- 
pense of  operation  is  due.  A  minor  advantage 
ia  efficient  and  flexible  speed  control,  every  point 
being  a  running  point  without  loss  from  resist- 
ance. 

Car  equipments  can  be  furnished  with  either 
hand  or  multiple-unit  control  for  the  same  ca- 
pacities as  direct  current.  Where  necessary, 
cars  may  be  supplied  which  will  operate  on 
either  direct  or  alternating  current  to  permit 
running  over  sections  of  direct-current  line- 
Equipments  can  be  supplied,  to  cover  ordinary 
requirements  for  interurban  service  or  for  large 
freight  or  passenger  locomotives. 

The  voltages  adopted  as  standard  for  single- 
phase  railway  work  are  6600  and  11000. 
Standard  catenary  line  material  can  be  supplied 
for  either  voltage. 

For  supplying  power  to  single-phase  roads, 
three-phase  generators  are  generally  employed, 
two  leads  only  being  used,  the  third  lead  being 
allowed  to  remain  idle. 

Westinghoute-Baldwin    Eleotrlo   LooomotlvM  for 
Heavy  Railroad  Sorvioo. 

In  May,  1905,  the  Westinghouse  Electric  dt 
Hfg'  Company  completed  the  first  heavy  loco- 
motive (136  tons)  to  be  operated  by  single- 
phase  alternating  current.  This  machine  was 
built  for  the  purpose  of  demonstrating  the  pos- 
sibilities and  advantages  of  single-pbrse  current 
for  heavy  electric  traction  and  to  demonstrate 
the  ability  of  the  company  to  supply  such  ap- 
paratus. , 

Since  this  locomc*ive  was  built  and  tested, 
many  single-pbnse  locomotives  have  been  built 
and  are  now  operating  in  all  classes  of  service 
with  signal  success. 

The  following  are  typical  as  showing  the 
variety  of  service  to  which  these  locomotivea 
have  been  applied. 

New  York,  Now  Havon  &  Hartford  R.  R. 

Thirty-five  single-phase  passenger  locomotivea 
were  originally  supplied.  These  locomotivea  are 
of  the  double-truck  type,  equipped  with  four 
gearless,  commutator-type,  single-phase  motors, 
each  motor  having  a  nominal  rating  of  250  H.P. 
After  six  months'  operation,  six  additional  loco- 
motives, duplicates  of  the  first,  making  41  in 
all.  were  supplied.     lo  the  last  year,  two  addi- 


tlonal  freight  locomotives  of  1500  H.P.  each 
(one  with  4  geared  motors  and  one  with  2  side 
connected  motors)  have  boen  equipped  and  de- 
livered. In  addition  to  the  locomotive  equip- 
ment, four  motor  cars  and  six  trailers  have  been 
furnished  for  suburban  service. 

These  locomotives  operate  over  12  miles  of 
track  electrified  by  means  of  third-rail  600- 
volt  direct  current,  and  over  22  miles  of  track 
equipped  with  double-catenary  trolley  line  con- 
struction furnishing  11,000-volt,  25-cycle,  sin- 
gle-phase current.  The  locomotives  are  used 
in  both  local  and  express  service,  frequently 
hauling  trains  of  300  to  450  tons  weight.  In 
express  service,  speeds  of  over  80  miles  per 
hour  have  been  attained. 

The  new  freight  locomotives  were  required 
by  contract  to  handle  a  1500  train  at  35  miles 
per  hour  or  an  800  ton  passenger  train  at  45 
miles  per  hour.  In  actual  test,  a  freight  train 
of  2100  tons  was  started  and  accelerated  on  an 
up  grade  of  .3%  around  a  curve  and  the  passen- 
ger train  was  easily  handled. 

Service  was  begun  on  this  line  as  far  as  New 
Roclielle  during  July,  1907;  and  was  later  ex- 
tended to  Stamford,  the  full  distance,  in  October, 
1907.  All  trains  running  into  New  York  on 
this  line  have  be"n  pulled  by  single-phase  elec- 
tric locomotives  jsince  July  1,  1908. 

Spokane  &  Inland  Railroad. 

Six  electric  freight  locomotives  were  origin- 
ally supplied,  each  weighing  approximately  49 
tons,  and  each  equipped  with  four  commutator- 
type,  geared,  single-phase  motors,  the  nominal 
rating  of  each  motor  being  150  H.P.  Later, 
three  larger  locomotives,  weighing  72  tons  each 
and  equipped  with  four  175  H.P.  motors,  were 
furnished.  Each  locomotive  unit  can  be  oper- 
ated separately  or  all  may  be  coupled  together 
and  controlled  as  a  single  machine. 

These  locomotives  will  operate  on  either  600- 
volt  direct-current  or  on  6600-volt,  25-cycle, 
single-phase  current.  Draw-bar  pulls  of  24,500 
and  12,600  pounds  can  be  maintained  continu- 
ously at  speeds  of  10.5  and  15.5  miles  per  hour, 
respectively,  and  for  short  periods,  on  level 
track,  a  maximum  pull  of  45,000  pounds  is 
available. 

A  pneumatically  operated  pantagraph  is  sup- 
plied for  operation  on  the  A.C.  section  and 
wheel  trolleys  for  the  D.C.  The  total  length 
of  track  is  146  miles. 

In  1910  two  additional  locomotives  of  thff 
72  ton  type  were  added  to  this  equipment. 

Grand  Trunk  Ry.,  St.  Clair  Tunnal. 

Six  electric  locomotives,  each  weighing  63 
ton*     and     equipped     with     thrM     single-phase 
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motors  of  240  II. P.  each,  are  used  for  hauling 
both  freight  and  passenger  trains  of  the  Grand 
Trunk  Railway  through  the  St.  Clair  Tunnel 
and  have  been  in  successful  operation  since 
March,  1908. 

The  locomotives  are  of  the  rigid  wheel-base 
type  and  are  arranged  for  operation  on  S300- 
voU,   25-cycle,   single-phase  current. 

Each  locomotive  is  capable  of  exerting  a 
maximum  draw-bar  pull  of  45,000  pounds,  and 
a  running  draw-bar  pull  of  25,000  pounds  at  10 
miles  per  hour.  Two  units  are  used  together 
in  regular  service  to  handle  a  1000-ton  train 
through  the  tunnel  and  up  the  two  percent 
grade.  The  length  of  the  line  is  four  miles 
and  the  running  speed  through  the  tunnel  is  20 
to  80  miles  per  hour. 

DIRECT-CURRENT  LOCOMOTIVES. 
Pennsylvania  Tunnal  &  Terminal  R.  R.  Co. 

The  Westinghouse  Electric  &  Mfg.  Company 
has  equipped  for  this  service  24  of  the  most 
powerful  electric  locomotives  in  the  world.  They 
are  used  in  hauling  through  passenger  trains 
over  the  heavy  grades  in  the  Hudson  and  East 
River  tunnels  into  the  Manhattan  terminal. 


Charaoteristio  Features 

Pennsylvania  Eleotrio  Locomotives 

Direct   Current — 600   Volts 

Westinghouse  Unit  Switoh  Field  Control 

Articulated  Double  Cab  Type 

Woiahts  and  Dimensions 

Weight  of  locomotive,   complete.  158%  tons 

Weight    on    drivers 100  tons 

Weight  on  each  driving  axle ....  25  tons 
Weight  on   each  bogie  truck.... 28^    tons 
Total     length     over     all,     inside 

knuckles 64  ft.,  11   in. 

Rigid  wheel  base  of  each  half ...  7  ft.,  2  in. 
Total  wheel  base  of  each  half ...  23  ft.,  1  in. 
Total  wheel  base  of  locomotive.  .65  ft.,  11  in. 
Diameter   of   drivers 72  inches 

General  Capacity 

Contract   tractive   effort 60,000  lbs. 

Maximum  contract   horse-power.  .4,000 

Normal  speed  with  full  train ...  60  mi.  per  hr. 

Actual    maximum    draw   bar    pull 

(recorded  on  test) 79,200  lbs. 

Maximum  Contract  Normal  Service 

550  ton  train  to  be  started  and  accelerated  on 
2  per  cent  tunnel  grades 


Motor  Mita 

Two  Direct*Curr«nt  Interpole  Motor* 

Cast  Stoel  Frames 

Directly  Connected   Through  Jaok-Shaftt  and 

Side-Rods. 

Weight   of    each   motor    complete 

with   cranks 48,000  lbs. 

Height  of  motor  frame  above  cab 

floor 6  ft,  6%  in. 

Height   of   center   of   shaft  above 

cab    floor 2  ft  IH  i°« 

DIRECT-CURRENT   RAILWAY  APPARATUS. 

Interr  '^  Motor*. 

A  co»  .plete  line  of  interpole  railway  motors 
ranging  in  size  from  40  to  225  horsepower  has 
been  built  to  suit  all  classes  of  railway  service. 
Experience  gained  from  the  operation  of  these 
motors  of  different  sizes,  aggregating  over  150,- 
000  H.P.,  shows  that  trouble  arising  from  faulty 
commutator  collection  of  the  current  have  been 
practically  eliminated.    The  interpoles  are  small 

Eoles  placed  between  the  main  polee  and  excited 
y  coils  connected  in  series  with  the  armature 
and  of  such  a  strength  that  the  magnetic  effect 
of  the  armature  on  the  coils  under  the  brushes 
is  neutralized,  so  that  there  is  no  sparking  at 
the  brushes  at  any  operating  load  or  voltage. 
Interpole  motors  will  withstand  enormous  over- 
loads without  damaging  the  commutator  or  pro- 
ducing flashing.  With  no  burning  of  brushes 
and  copper  the  life  of  brushes  and  commutator 
is  more  than  trebled.  Brushes  show  a  life  of 
from  100,000  to  160,000  miles. 


DATA  REQUIRED  FOR  SELECTION  OF  CAR 
EQUIPMENT. 

Too  much  importance  cannot  be  attached  to 
the  necessity  of  careful  attention  to  selection 
of  proper  equipments  for  the  service  to  be  ren- 
dered. 

In  order  to  secure  ther  best  results,  the  fol- 
lowing information  should  be  furnished  the 
manufacturer. 

DATA. 

A  profile  and  map  or  dimensioned  sketch  o( 
the  road  should  be  furnished.  If  thrae  are  not 
available,  a  list  of  grades  (amount,  directi<m 
and  length  of  each),  taken  in  the  order  in  which 
they  occur,  and  a  list  of  curves  (length  and 
radius  of  each),  with  their  location,  sliould  be 
supplied,  together  with  any  local  feaiu^'^s  which 
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m&y  produce  slow-downs  in  addition  to  the  stops 
specifled. 

City,  Suburban  and  Interurban  running  should 
be  separately  considered  on  each  line  and  the 
following  details  supplied: 


City  Running: 

Distance 

Time  for  trip  one  way.  . 
Number  of  stops.  .  .  . 
Average  time  of  stops.    . 

Suburban  Running: 

Distance 

Time  for  trip  one  way.  . 
Number  of  stops.  .  .  . 
Average  time  of  stops.    . 

Interurban  Running: 

Distance 

Time  for  trip  one  way.  . 
Number  of  stops.  .  .  . 
Average  time  of  stops.    . 

Hours  of  service 

Layover  at  end  of  line.     . 
Trolley  Pressure — Maximum 
Trolley  Pressure — Minimum 
Trolley   Pressure — Average. 
Gauge  of  track 

Motor  Cart: 

Length  over — all.  .  .  . 
Trucks — single  or  double 
Wheel   diameter.    .    .    . 

Wheel  base 

Weight  car  body.  .  .  . 
Weight  trucks — 1  or  2. 
Car  will  seat 


-Miles 
—Minutes 
-Per  trip 
—Seconals 


-Miles 
-Mimites 
-Per  trip 
-Seconds 


-Miles 
-Minutes 
-Per  trip 
-Secondis 

-Daily 

-Minutes 

-Volts 

-Voits 

-Volts 

-ft.  —  in. 


— ft.  —  in. 

— in.  new,  —  in.  old 

— ft.  —  in. 

—lbs. 

^Ibs. 

— Passengers 


Trail  Cars: 

Length  over — all.    .    .    .  — ft.  —  in. 
Trucks — single  or  double 
Weight  of  car  body.    .    .    . — lbs. 
Weight  of  trucks — 1  or  2. — lbs. 
Car  will  seat — Passengers 

The  number  of  trailers,  if  any,  to  be  handled 
by  one  motor  car,  time  of  trailer  operation  and 
whether  any  increase  in  running  time  will  be 
allowed  when  handling  trailers,  should  be  stated. 

Complete  information  regarding  type  of  con- 
trol is  desirable. 

For  new  equipments  for  existing  roads,  data 
should  be  furnished  as  to  present  car  weights, 
motor  type  numbers,  gear  ratios,  wheel  diam- 
eters, schedules,  stops,  temperature  of  motor 
windings  and  commutators  after  all  day  opera* 
tlon  and  degree  of  satisfaction  obtained  with 
present  equipments. 
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WESTINQHOUSE  RAILWAY  MOTOR  RATINGS. 

The  nominal  rating  of  Westinghouse  motors  is 
the  load  which  may  be  carried  during  a  run  of 
onp  hour  on  the  stand  at  the  rated  voltage  and 
current  without  giving  a  greater  rise  in  tem- 
perature than  75  degrees  Centigrade,  when  meas- 
ured by  thermometer  on  the  windings  of  the 
motor  after  the  run,  in  accordance  with  the 
standards  of  the  A.  I.  E.  E. 

In  this  connection  it  is  important  to  remember 
that  the  conditions  of  external  ventilation  which 
exist  under  a  moving  car  cause  the  temperature 
rise  for  given  losses  in  the  motor  to  be  very 
much  less  than  the  rise  for  the  same  losses  in  a 
shop  test  on  the  stand. 

Westinghouse  railway  motors  are  also  given 
a  current  test  for  capacity  in  continuous  service. 

Experience  has  proven  that  the  average  of  the 
voltages  at  the  motor  in  all  day  city  service 
does  not  exceed  an  equivalent  impressed  voltage 
of  300  and  that  the  average  of  interurban  opera- 
tion does  not  exceed  an  equivalent  impressed 
voltage  of  400  volts.  As  the  losses  in  a  motor 
vary  as  the  square  of  the  current,  the  square  root 
of  the  average  of  the  squares  of  the  currennt  in- 
puts of  a  motor  during  all  day  service  will  give 
an  equivalent  current  which  will  produce  the 
same  heating  effect. 

All  Westinghouse  motors  are  tested  with  such 
an  equivalent  current  and  the  capacity  thereby 
established  can  be  maintained  in  all  day  actual 
service  without  occasioning  a  greater  tempera- 
ture rise   in  the  windings  than  65   degrees   O. 

ROTARY  CONVERTERS. 

Westinghouse  Standard  Kotary  Converters  are 
built  for  use  on  both  25-cycle  and  60-cycle  cir- 
cuits and  for  direct  current  voltages  of  250  volts 
and  600  volts.  Rotary  converters  of  25  cycles  are 
in  service  in  capacities  as  high  as  8000  kw.  and 
60-cycle  rotaries  are  in  successful  operation  up 
to  and  including  1000  kw. 

In  general,  standard  rotary  converters  are  de- 
signed for  self  starting  from  the  A.C.  end,  and 
all  may  be  started  from  the  D.C.  end  where 
direct  current  is  available  for  starting. 

Rotary  converters  are  a  very  efficient  trans- 
forming device,  and  for  this  reason  are  econom- 
ical for  use  on  systems  where  the  service  re- 
quired is  suitable  for  rotary  operation. 

The  combined  efficiency  at  all  loads  of  a 
rotary  converter  and  transformers  will,   in  gen« 
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•Ml,  be  several  percent  higher  than  the  efficiency 
of  a  generator  set  of  equal  capacity,  transform* 
ing  from  the  same  A.C.  voltage. 

Rotary  converters  are  aaitable  for  use  on  a 
system  where  close  D.C.  regulation  is  required 
from  a  system  having  reasonably  close  A.C.  regu- 
j«ition,  or  if  close  D.C.  regulation  is  not  required, 
rotaries  will  operate  satisfactorily  even  though 
the  regulation  of  the  supply  system  varies  mate- 
rially 

Westlnghouse  rotary  converters  are  manufac- 
tured  with  synchronous  regulators  integral  with 
the  unit  or  with  induction  regulators  separate 
from  the  unit  for  use  where  a  variation  in  the 
D.C.  voltage  is  required  as  for  lighting  systems. 

Due  to  the  fact  that  rotaries  operate  best  at 
unity  power  factor,  they  are  not  desirable  for 
power  ffictor  correction  requiring  heavy  leading 
currents  in  the  rotary. 

Where  conditions  warrant  using  rotaries,  the 
high  efficiency  and  lower  first  cost,  together  with 
the  fact  that  they  are  protected  from  line  dis- 
turbances by  transformers,  makes  them  gener- 
ally preferable  to  motor  generators. 

MOTOR  GENERATORS. 

Westlnghouse  standard  motor  generators  are 
built  for  both  25-cycle  and  60-cycle  circuits  in 
sizes  up  to  and  including  2000  kw.,  utilizing 
either  synchronous  or  induction  motors.  Stand- 
ard synchronous  motor  generators  are  arranged 
for  self  starting  from  the  A.C.  end,  and  all  sets 
may  be  started  from  the  D.C.  end. 

In  general,  motor  generators  may  be  uged 
without  step  dcwn  transformers  on  A.C.  volt- 
ages up  to  and  including  6600  volts.  D.C. 
voltages  for  standard  motor  generators  are  250 
volts  and  600  volts. 

Motor  generators  are  applicable:  Where  a 
D.C.  regulation  is  required  entirely  independent 
of  the  regulation  of  the  supply  system;  where 
corrective  effect  is  required  to  overcome  low 
power  factor,  by  using  motor  generator  operating 
partially  as  a  synchronous  condenser;  where  it  is 
desired  to  operate  the  set  either  regularly  or  in- 
verted; on  the  end  of  a  long  transmission  line 
where  the  ohmic  drop  is  great;  and  where  the 
regulation  of  the  supply  system  is  so  ragged  as 
to  preclude  the  use  of  synchronous  apparatus,  In 
which  case  an  induction  motor  generator  is 
preferable. 
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WCSTINQHOUSE    TRANSFORMERS. 

Westingbouse  transformers  are  manufactured 
in  the  foUowing  five  main  classes: 

1.  Air-Blast    (AB). 

2.  Oil-Insulated  Water-Cooled   (On¥C). 
8.  Oil-Insulated  Oil-Cooling  (OISC). 

4.  Distributing  (••S"-"SA''"SK"). 

6.  Detail  Transforming  Apparatus,  consisting 
of  Constant-Current  Regulators,  Mercury-Arc 
Rectifiers,  Instrument  Transformers,  Tungsten 
£conomy  Coils,  Bell  Ringers,  etc. 

Air-Biast  Tiransformers  employ  the  "shell" 
form  of  construction,  and  are  built  for  any 
capacity  from  100  KVA  up,  for  any  frequency, 
and  for  any  voltage  up  to  83,000.  Air-Blast 
Transformers  for  voltages  above  83,000  are  im- 
practicable on  account  of  the  space  required 
for  insulation.  However,  where  star-connected 
with  the  neutral  carefully  grounded,  air-blast 
transformers  may  be  used  on  circuits  up  to 
60,000  volts.  About  150  cubic  feet  of  air  per 
minute  is  required  for  each  KW  of  loss  in  the 
transformer  at  pressureci  from  one-half  to  one 
ounce  per  square  inch. 

OIWC  Transformers  are  built  for  any  capacity 
from  100  KVA  up,  and  for  any  frequency  and 
voltage.  They  are  of  the  "shell"  or  "core" 
types,  depending  on  the  capacity  and  voltage. 
They  are  mounted  in  welded  boiler- iron  cases 
with  cast-iron  covers  fitted  with  manholes.  The 
cooling  coils  of  seamless  brass  tubing  are  sub- 
jected to  250  pounds  pressure  test.  Approxi- 
mately one-fourth  gallon  of  water  per  minute 
is  required  for  eacli  KW  loss  in  the  transformer. 

OISC  Transformers  are  of  the  shell  or  core 
type  as  determined  by  the  capacity  and  voltage. 
They  are,  for  sizes  up  to  approximately  760 
KVA  mounted  in  corrugated  sheet  iron'  cases 
having  the  top  and  bottom  cast  on.  Cases  are 
fitted  with  cast-iron  covers.  Above  this  size  and 
up  to  3000  KVA  the  cases  are  of  the  tubular 
type.  They  are  made  of  boiler  iron  and  have 
boiler  tubes  welded  in  to  provide  surface  for 
radiation. 

The  standard  lines  of  Westinghouse  trans< 
formers  are  as  follows: 

Standard  capacities:  100,  110,  125,  150. 
185,  200,  250,  300,  400,  500,  600,  750,  1000. 
1250,  1500,  2000,  2600,  3000,  8500  and  4000 
KVA. 

Standard  voltage  classes:  2200,  8600, 
11,000,  16,500,  22,000,  83,000,  44,000,  66,. 
000,  66,000,  77,000  88,000,  100,000  and  110,- 
000   volts. 

Standard  frequencies  are  25  and  60  cycles. 

When  ordering  Westinghouse  transformers, 
standard  capacities,  voltages  and  frequencies 
should    be    specified    wherever   possible,    as    this 
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will  greatly  facilitate  delivery.  Give  all  the 
information  possible,  auch  as  KVA  capacity. 
typ?>  phase,  cycles,  high  tension  and  low  ten^ 
aion  voltages,  service  conditions  and  data  as  to 
taps  and  parallel  operation  with  other  trans- 
formers. 

All  the  above  types  of  transformers  are  built 
in  either  single  or  three-phase  types.  The  ad- 
vantages of  a  three-phase  transformer  over  three 
single-phase  transformers  having  an  equivalent 
combined  capacity  are:  Smaller  floor  apace, 
lighter  weight,  higher  efficiency,  simpler  instal- 
lation and  lower  cost.  The  disadvantages  Qt 
the  three-phase  type  are:  Greater  cost  of  spare 
units,  greater  cost  of  repairs,  greater  derange- 
ment of  service  in  case  of  brealidown,  and  dif- 
ficulty of  bringing  out  taps  for  a  large  number 
of  voltages. 

It  will  be  noted  that  the  disadvantages  of 
three-phase  transformers  relate  almost  entirely 
to  failure  of  the  apparatus.  With  the  advance 
in  the  art  of  design,  however,  the  chances  of 
failure  are  greatly  diminished,  so  that  the  dis- 
advantages stated  can  be  practically  cancelled. 

The  notable  reliability  of  modern  transformers 
renders  it  good  practice  to  employ  three-phase 
transformers  instead  of  equivalent  groups  of 
single-phase  units,  in  all  cases  except  small  in- 
stallation!<  (where  a  spare  unit  would  mean  a 
large  percent  increase  in  station  cost  and  where 
a  failure  would  cause  a  great  derangement  of 
service). 

All  OIWC,  CISC  and  Air-Blast  transformers 
are  so  designed  that  the  entire  transformer  can 
be  lifted  as  a  unit.  It  is  the  standard  practice 
of  the  Westinghouse  Company  to  ship  OIWC 
and  OISC  transformers  in  their  cases  complete 
with  oil,  except  where  handling  and  transporta- 
tion do  not  permit.  This  reduces  the  expense 
of  installation  and  eliminates  time  required  for 
drying  out. 

OIWC  and  CISC  transformers  of  voltage 
classes  exceeding  66,000.  and  for  indoor  instal- 
lation, are  fitted  with  condenser-type  terminals. 
In  this  terminal  the  voltage  stresses  are  dis- 
tributed equally  throughout  the  material  and 
not  concentrated  at  the  surface  as  is  the  caso 
with  the  ordinary  t)rpe  of  terminal. 

Distributing  transformers  of  the  "S"  and 
"SA"  class  are  of  the  "shell"  type  and  are 
mounted  in  cast-iron  cases.  Standard  sizes 
range  from  %  to  60  KVA.  The  standard  fre- 
quencies are  25  and  60  cycles,  the  standard 
voltage  being  2200.  The  "SR"  class  covers 
distributing  transformers  of  4400  volts  and 
above.  The  "core"  type  of  construction  is  em- 
ployed for  this  class. 

Non-aging  iron  is  used  in  all  atandard  West* 
inghouse  transformers. 
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WMtingboute  Couttnt-Currnit  Regulatora  art 
made  in  air-cooled  and  oil-cooled  types.  Stand- 
ard  air-cooled  sices  are  6,  12,  26,  85,  60  and 
76-liffht,  standard  oil-cooled  siaes  are  100,  160 
and  200-liKht.  for  2200  volts  and  60  cycles. 

Wcstingbouse  Mercury  Rectifier  Apparatus  is 
built  in  two  principal  lines: — Outfits  for  series 
street  ligbting  using  metallic  arcs,  and  battery- 
charging  outfits. 

The  superior  characteristics  of  direct-current 
series  arcs  are  rendered  available  without  the 
complexity  and  inefficiency  of  the  constant-cur- 
rent generator,  by  employing  rectifier  outfits. 
For  lighting  vervice  these  are  mounted  in  boiler- 
iron  tanks  and  are  oil-immersed.  Standard  sises 
are  25.  86,  60.  76  and  100  lights.  Standard 
rectified  currenta  are  4  and  6.6  amperes. 
Standard  frequencies  are  26  and  60  cycles. 
Though  usually  built  for  nominal  2,200-volts 
primary,  the  outfit  may  be  designed  for  primary 
pressures  up  to  13,200  volts,  without  using 
step  down  transformers. 

Westinghouse  Standard  Battery  Charging  Out- 
fits are  designed  to  supply  from  2  to  44  cells 
of  battery  and  are  made  in  sizes  up  to  80  am- 
peres  direct-current  output,  according  to  rating. 
Standard  outfits  are  for  60  cycles  and  220  or 
110-volt  A.C.  circuits,  but  special  outfits  ara 
made. 

Instrument  Transformers — voltage  and  current 
— are  built  in  a  wide  range  of  styles. 

Some  important  installations  of  Westinghouse 

Air- Blast  Transformers: 

Oparating  Company.  Looation. 

Brooklyn  Edison  Co Brooklyn,  N.  T. 

Chambly  Mfg.  Co Montreal,  Can. 

Consol.  Gas,  Elec.  Lt.  &  Pr.  Co. Baltimore,  Md. 

Capital  Traction  Co Waahington,  D.  C. 

Interborough  Rpd.  Trnst.  Co... New  York  City. 

Long  Island  R.  R.  Co New  York  City. 

Louisville  Ry.  Co Louisville,  Ky. 

Louisville  Lighting  Co Louisville,  Ky. 

New  York  Edison  Co New  York  City. 

New  York  ft  Queens  Co.  Ry. .  .New  York  City. 

New  York  A   Queens  Elec.   Lt. 
&  Pr.  Co New  York. 

Pennn.      Tunnel     ft     Terminal 

R.  R.   Co New  York  City. 

New  York.  New  Haven  ft  Hart- 
ford   R.    R 

Philadelphia  Rapid  Transit  Co .  Philadelpbia.  Pa. 

Public    Service    Corp.    of    New 
Jersey 

Reading  Pr.  Co..  Reading,  Pa.. Reading.  Pa. 

Third  Avenue  R.  R.  Co New  York  City. 

Transit  Development  Co Brooklyn,  N.  Y. 

United  Elec.  Lt.  ft  Pr.  Co.... New  York  City. 

United  Ry.  ft  Elec.  Co Baltiraor*.  Md. 

Vancouver  Power  Co Vancouver,  Can. 
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POWtR  FAOTOR. 

Th«  power  factor  of  an  altemating'current 
circuit  is  tb«  number  by  whieb  the  apparent 
power  in  the  circuit,  (volU  times  amperes), 
must  be  multiplied  in  order  to  ascertain  th« 
true  power,  when  an  alternating-current  eir- 
cuit  contains  inductance,  the  current  lags  be> 
hind  the  e.m.f.,  and  when  it  contains  capacity 
the  current  rises  ahead  of  the  e.m.f.;  in  f>ach 
case  the  current  and  e.m.f.  re^ch  their  Biaxl- 
mum  values  at  different  instants,  and  the  pro- 
duct of  the  e.m.f.  and  current  at  any  imtant 
is  less  than  it  would  be  if  tiie  two  were  in 
phase  with  each  other.  If  the  e.m.f.  and  cur- 
rent be  measured  separately,  the  voltmeter  and 
ammeter  will  give  the  individual  mean  effec- 
tive values;  if  they  are  measured  by  a  watt- 
meter, the  instrument  indicates  their  combined 
effect  synchronously,  not  the  product  of  tiieir 
effective  values  which  occur  at  different  in- 
stants; consequently,  the  wattmeter  indication 
will  be  less  than  the  product  of  the  separate 
voltmeter  and  ammeter  readings.  The  ratio  of 
the  power  to  this  product  is  the  power  factor 
of  the  circuit.     Expressed  as  a  fmrmula: 


Power  >  Factor  = 


Watts. 


Amperes  z  Volts. 


This  gives  rise  to  the  two  methods  of  rating 
electrical  apparatus,  one  on  the  basis  of  watts 
or  kilowatts,  and  the  other  on  the  iMsia  of 
volt-amperes  or  kilovolt-amperes  (Kva.). 

The  former  represents  the  actual  power,  ata> 
ally  in  Kw..  the  latter  the  apparent  power,  nsu- 
ally  in  Kva.,  generated,  transmitted  or  used  by 
the  apparatus.  The  latter,  or  Kva.,  rating  Ut 
coming  into  more  freneral  use  since  it  reprfe- 
sents  more  adequately  the  voltage  and  current 
conditions  to  which  the  an^aratus  is  subjected. 


WEIGHT  OF  COPPER. 

A  convenient  formula  for  weight  of  eoppar  In 
a  line  is  as  follows: 


Lbs,  copper  in  line  = 


(miles)*!  kilowatts 

(kilovolts)*  X  %  loss  X  k. 

k  =  a  constant  depending  on  phase,  aystCBi, 
and  power  factor;  for  100%  power  factor,  singlo 
or  two-phase,  k  =  86S;  for  three-phase  k  =  S7I. 


XABLE.OF     DIMENSIONS,     WEIGHTS     AND 
RESISTANCES     OF     PUR^     COPPER     WIRE 

(BARE). 
. Brown  &  Sh«rpe  Qaupe. 


I 


Diun. 
Inches 


AMI 


1.152 

1.035 

1 

.963 

.891 

.819 

.728 

.590 

0000 

.4600 

000 

.4096 

00 

.3648 

0 

.3248 

1 

.2893 

2 

.2576 

3 

.2294 

4 

.2043 

5 

.1819 

6 

.1620 

7 

.1442 

^     8 

.1284 

9 

.1144 

10 

.1018 

11 

.0907 

12 

.0808 

13 

.0719 

14 

.0640 

15 

.0570 

16 

.0308 

T    17 

.0452 

18 

.0403 

19 

.0358 

:» 

.0319 

21 

.0284 

•.i2 

.0253 

23 

.0225 

24 

.0201 

25 

.0179 

26 

.0159 

30 

.0100 

36 

OOrr 

40 

.00311 

KrealAr 

inils(d»). 

l]nil.»^001 

inch. 


8q.  Kls. 
(d»x.  7854) 


^iniGIT 


1000000. 
800000. 
700000. 
600000. 
500000. 
400000. 
250000. 
211600. 
167805. 
133079. 
105538. 
83694. 
66373. 
52634. 
41742. 
33102. 
26250. 
20816. 
16509. 
13094. 
10381. 
8234. 
6529. 
5178. 
4100, 
3256. 
2582. 
2048. 
1G24. 
1287. 
1021. 
810.1 
042.7 
509.4 
40^1.0 
320.4 
254.0 
100.5 
25.0 
9.9! 


785400. 
G28000. 
549500. 
471000. 
392000. 
313900. 
196000. 
166190. 
131790. 
104520. 
82887. 
65733. 
52130. 
41339. 
32784. 
25998. 
20617. 
16349. 
12960. 
10284. 
8153. 
6467. 
5128. 
4007. 
3223. 
25.57. 
2028. 
IGOS. 
1275. 
1011. 
802.2 
G36.2 
504.7 
400 
317, 
231.0 
199.5 
78.9 
19.0 
7.7 


1000  ft. 


IIKGTI 


Feet 

perlb. 


3030. 
2440. 
2135. 
1830. 
1525. 
1220.0 
762.0 
639.3 
507.0 
402.0 
318.8 
252.8 
200.5 
159.0 
126.1 
100.0 
79.32 
62.90 
49.88 
39.56 
31.37 
24.88 
19.73 
15.65 
12.44 
9.84 
7.81 
6.19 
4.91 
3.88 
3.09 
2.45 
1.94 
1.51 

1   90 

.97 
.77 


.3275 
.4100 
.4680 
.5460 
.6550 
.8200 
1.32 
1  56 
1.07 
2.49 
3.14 
3.99 
4.99 
6.29 
7.93 
10.00 
12.61 
15.90 
20.03 
25.28 
31.38 
40.20 
50.69 
63.91 
80.38 
101.03 
128.14 
161.59 
203.76 
257.47 
324.00 
408.56 
515.15 
649.66 
819.21 
1032.9 
1302.0 
.30  3293.9 
.081.32.38. 
.03.33175. 


For  sizes  above  No.  0000  the  table  refers  to 
stranded  copper  cable.  Due  to  the  conditions 
imposed  by  proper  "laying"  of  the  strands,  the 
ngivea  for  clreular  mileage,  diameter,  resistance, 
etc.,    can  be    given  with    only   approximate    ac- 
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TABLE    OF    DIMENSIONd.     WEIQHTS    AND 

RESISTANCES  OF  PURE  COPPER  WIRE 

(BARE). 

Brown  ft  Sharpe  Gauge. 


RE8I8TiHCIiT7S.or. 

^urryinr 
Otpaeitiei 

J 

Unjth. 

FMt 

per  Ohm. 

E 

Ohffli  prr 
1,000  It. 

Oluns 
per  lb. 

A 

95100. 

.01051 

.000003442 

650 

1 
1000 

76100. 

.01313 

.000006380 

550 

840 

06600. 

.01501 

.000007030 

£00 

700 

r»7100. 

.01751 

.OOC000579 

450 

'J80 

■17500. 

.02101 

.00001376 

390 

500 

38050. 

.02627 

.00002155 

330 

HM 

23750. 

.04203 

.00005600 

275   4i2 

20383. 

.04906 

.00007673 

210 

312 

6666 

16165. 

.06186 
.07801 

.00012039 

m 

262 

000 

12820. 

.00019423 

160 

220 

00 

10166. 

.09838 

.00038500 

127 

186 

0 

8062.3 

.12404 

.00048994 

107 

166 

1 

6393.7 

.15640 

.00078045 

90 

131 

2 

5070.2 

.19723 

.0012406 

76 

110 

3 

4021.0 

.24869 

.0019721 

65 

92 

4 

3188.7 

.31361 

.0031361 

64 

77 

5 

2528.7 

.39546 

.0049868 

46 

65 

6 

2005.2 

.49871 

.0079294 

38 

54 

7 

1590.3 

.62881 

.012608 

33 

46 

8 

1261.3 

.79281 

.020042 

28 

88 

9 

1000.0 

1. 

.031380 

24 

83 

10 

793.18 

1.2607 

.050682 

20 

27 

11 

029.02 

1.5808 

.080585 

17 

23 

12 

498.83 

2.0047 

.12841 

14 

20 

13 

395.60 

2.5278 

.20322 

12 

16 

14 

321.02 

3.1150 
4.0191 

.31658 
.51501 

15 

248.81 

"6 

*"8 

16 

197.30 

5.0683 
6.3911 

.81900 
1.3023 

17 

156.47 

"8 

"**6 

18 

123.99 

8.0654 
10.163 
12.815 

2.0759 
3.2926 
6.2355 

19 

98.40 

20 

78.06 

In   Ugkt- 

21 

61.91 

16.152 

8.3208 

22 

49.08 

20. 3n 

13.238 

ing  work, 

23 

38.91 

25.695 

21.0*0 

no  amall- 

24 

30.86 

32.400 

33.466 

er    than 

25 

24.46 

40.868 

66.235 

BO.  14  11 

naed,  ex- 
cept  for 
flxtont. 

26 

9.681 

103.30 

340.26 

80 

2.408 

415.24 

6497.4 

36 

.952 

1049.7 

34823. 

40 

Oi:e  foot  of  pure  copper  wire  of  one  dronlar 
mil  cross-sectional  area  (diameter,  .001  Inofc), 
has  a  reaiatance  of  10.74  ohma  at  IS'C  or  5f  "f. 
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HOW  TO  REMEMBER  THE  WIRE  TABLE. 

A  wire  wliicli  is  tiiree  sizes  larger  than  an- 
otlier  wire  has  half  the  resistance,  twice  the 
weight  and  twice  the  area.  A  wire  which  is 
ten  sizes  larger  than  another  wire  has  one- 
tenth  the  resistance,  ten  times  tiie  weight  and 
ten  times  the  area. 

No.  10  wire  is  0.10  inch  in  diameter  (more 
precisely  0.102);  it  has  an  area  of  10,000  cir- 
CJ'.lar  mils  (more  precisely  10,380);  it  has  a 
resistance  of  1  ohm  per  thousand  ft.  at  20 
degrees  Centigrade  (68  degrees  Fahrenheit), 
and  wc-ighs  32  pounds  (more  precisely  31.4 
pounds)   per  thouf>and  feet. 

The  weight  of  one  thousand  feet  of  No.  5 
wire  is  100  pounds. 

The  relative  values  of  resistance  (for  de- 
creasing sizes)  and  of  weight  and  area  (for 
increasing  sizes)  for  "consecutive"  sizes  are: 
.60,  .08,  .80,  1.00,   1.25,  1.60,  2.00. 

To  find  resistance,  drop  one  cypher  from  the 
number  of  circular  mils;  the  result  is  the  num- 
ber of  feet  per  ohm. 

To  find  veight,  drop  four  cyphers  from  the 
number  ot  circular  mils  and  multiply  by  the 
weight  of  No.  10  wire. 
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SPECIFIC    RESISTANCE 

OF    METAL    WIRES. 

Kttwial 

Ohms  per 
MUfoot,  0°C 

RahtiTe 
Resistauee 
to  Copper 

I.^eentege 
laerease 
Degree  0 

Silver 

(annealed) . 
Silver    (hard 

drawn)   ... 

Copper  

Gold 

Aluminum  .. 

Zinc  

Platinum  ... 

Iron  

Nickel  

Tin  

8.78 

9.54 
9.53 
12.78 
17.48 
33.76 
54.3.-> 
58.31 
74.78 
79.20 
115.10 

125.7 
213.7 
5fw.9 
787.5 

.07 

.00 
1.00 
1.34 
1.83 
3.54 
5.70 
6.12 
7.85 

8.3;^ 

12.00 

13.18 
22.35 
50.40 
82.80 

.377 

.37V 

.388 

,'.m 

.390 
.305 
.247 
.453 

!363 
.387 

.044 
.389 
.072 
.354 

Lead   

German    Sil- 
ver   

Antimony    . . 
Mercury  .... 
Bismuth  .... 

COMPARISON  OF  COPPER  AND  ALUMINUM. 

Copper.     Arum. 

Specific  gravity 8.98         2.68 

Conductivity  for  equal  area,    .   100.  68. 

Weight  for  equal  conductivity,  100.  48. 

Area  lor   equal   conductivity,    .    100.  IGO. 

Diameter  for  equal  conductivity,  100.         126. 

It  will  be  noted  from  the  relative  diameters 
that  an  aluminum  wire  to  be  of  equal  conduc- 
tivity with  a  copper  wire  is  almost  exactly  two 
sizes  larger  by  B.  &  S.  Gauge. 

The  conductivity  of  aluminum  wire  is  63% 
tliat  of  copper;  but  an  a.uminum  wire  of 
equivalent  conductivity  will  have  48%  of  the 
weight  and  160%  of  the  strength. 

EQUIVALENTS  OF   ELECTRICAL  UNITS. 

(Herlng). 

1  Kilowatt=1000  Watts. 

1  Kilowatt=1.34  H.P. 

1  Kilowatt  =:  4 4 25 7  foot-pounds  per  minuta. 

1  Kilowatt= 66.87  B.T.U.  per  minute. 

1  Horsepowers  746  watts. 

1  Horsepower= 83,000    foot-pounds   per   minute. 

1  Hor8ep''wer=42.41   B.T.U.  per  minute. 

1  B.T.r    (British  Thermal  Unit)   =   778  foot- 

po.^ids. 
1  B.T.(J.=:0.2930  watt-hours. 


One  pound  of 
water  evapo- 
rated  from  and' 
at  212'  F. 


HEAT  UNITS. 

(Foster.) 

0.288     K.W.  hotnr. 
0.88       H.P.  hour. 
966.  B.T.U. 

761300.     Foot-pounds. 

.0664  Lbs.   Carbon  oxidiseil 
At  100%  £ff. 


One    pound 
carbon    oxi- 
dized at  100%' 
efficiency. 


f  14.600  B.T.U. 
1.11    Lbs.    Anth.    coal   oxidised 

at  100%. 
2.6  Lbs.  Dry  wood  oxidised  at 

100%. 
21  Cu.  ft.  Ilium.  Gas  at  100%. 
4.26  K.W.  Hours  at  100%  Efif. 
5.71  H.P.  Hours  at  100%  Eff. 
11,315,000     Foot  •  pounds     at 

100%  Eff. 
16    Lbs.    Water   evaporated    at 

212""  F. 


1  H.P.  Hour. 


2546  B.T.U. 
0.746  K.W.  hours. 
1,980,000  Foot-pounds. 
0.176  Lbs.  Carbon  ezidteei 
100%  Et. 


at 


.286  Lbs.  Carbon  oxidized  at 
100%  £ff. 
22.8       Lbs.  Water  raited  from 
1  K.W.  Hour.   \    „  ^„     Tv*^'J°  212-  F. 

8.58     Lbs.    Water    evaporatr<l 

at  212"  F. 
8412     B.T.U. 
2,664,200  Foot-pounds. 

CONVENIENT  FORMULAE. 

Hydraulics. 

Lbs.  per  sq.  In.  =  0.434  times  head  of  water  in 

feet. 
Head  in  feet  =  2.8  X  pounds  per  sq.  in. 
Weight  per  cu.  ft.  of  water  =  62.4  lbs. 
Weight  of  gallon  of  water  =  8.38  lbs. 
Loss  of  head  H  due  to  friction  in  pipes. 


H  = 


.01  X  L  X  V 
64.4  D 


L  =  Length  of  pipe  In  feet;  D  =  Diameter  in 
feet;  and  V  =  Velocity  cf  flow  in  feet  per  sec- 
ond. In  calculating  thti  total  head  to  be 
pumped  against,  it  is  common  to  consider  it 
equal  to  the  sum  of  the  friction  head  and  the 
actual  head. 

Horae  Power  of  Water-Fall. 
62.4  X  A  X  V  X  H 


HP.  = 


83,000 


A  =  Cross-section   in  sq.   ft.   of  stream   flowing 

over  dam. 
V  =  Velocity  of  flow  in  feet  per  minute. 
H  =  Head  of  fall  in  feet. 

Horse  Power  of  Double  Aoting  Single  Cylinder 
Steam  Engine. 

PXLXAXNXP 
H.P.  zr  — — — ^— ^— ^— ^— ^-_^ 

33,000 

P  =  Gauge  pressure  at  engine;  L  =  Length 
of  stroke  in  feet;  A  =  Area  of  piston  in  square 
inches;  N  —  Strokes  per  minute;  F  =  Factor  of 
cut-off  found  in  table. 


Cut-off  %  StTohe. 

r. 

1/4 

.699 

V^ 

.670 

3/8 

.743 

1/2 

.847 

5/8 

.010 

2/3 

.937 

8/4 

.060 

7/8 

.902 

o 

H 
O 


3 

2 


Cm 


—  73 

ui « 
<*S 

.  (^ 

(Eg 

•-"S 

£.§ 

OCS 

MJ  a 

*^? 

UJ  h 

«- « 

Z 
>< 

o 

(E 
0. 
Q. 

< 


> 

8 


eo 


o 


o 

> 


S 
I 


i 


"SJ38!;«$58S 


S^iSSSSgg 


lOtA 


CICC<eAi-i<0MUSiM^Mh-Ot<*Mh< 


eo 


43 


.s 

CO 


Xfr) 


iHiHrHWeO^at- 


eo 


u 
.  o 

o 


<0      U3IO 


ri^w^r-;Hj;g5;jg5g3gggg|j 


AlOOWIO     lO 


1-1  ei  CO  <e  o  CI «  ^  t- le  t- 


S^S^KSS^ISSSSSS^ 


IC4< 


•       •      •      •      • 

i-ll-i« 


eo   _»o  ^  ^ 


iHNCC>«t-©»0 


SSgag5gl?8S^ 


u 
o 

o 

a 


ja 
o. 


i 


I 

>> 

^* 

3 

a 
i 
a 


c( 


M 

a 


SPEED  CLASSIFICATIONS  OF  ELECTRIC 
MOTORS. 

The  electric  motor  may  assume  practically  an 
infinite  number  of  different  forms  and  can  b« 
applied  to  an  almost  unlimited  number  of  usea. 
Eac"  motor,  however,  possesses  -tain  inherent 
speed  characteristics  by  means  of  which  it  can 
be  classified  in  one  of  several  groups.  The  fol- 
lowt  cLsification  is  that  -^^\-J^.^'^^:^, 
by  the  American  Association  of  Electric  Motor 
Manufacturers,  January,  1909: 

w-\   rONSTANT   SPEED   MOTORS    In   whidi 

current   shunt   motors    »°i  ^'"f^^VJd    8P««^    <>' 

the  full  load  speed. 

t\.\  VTTTTISPEED      MOTORS       (two-ipeed, 

Sa.1-r.Si,  ISeMl?-  «JJ„>°'„U';^ 
as    direct    current    motors    with    t^o    »?J\S«ry 

windings    and    ind»««°'l,  J?°*°"  J«o^  IrS 
windings    capable    of    ^^mg    grouped   so 
form  different  numbers  of  poles. 

(c)  ADJUSTABLE  SPEED  MOTORS: 

range,  but  when  once  adjusted,  remains  prac- 

by  field  variation. 

TJ^speed   motors,    depending   upon  the  per- 
centage  of  compoundmg. 

(A^  VARYING  SPEED  MOTORS  or  motors 
in  which  the  speed  varies  with  thejoad,  de- 
Sea^^ng  when  the  load  increases  such  as  series 

l?mit  the  light  load  operating  speed. 
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MOTOR  DRIVEN  INDUSTRIAL  MACHINERY. 

Electric  motors  are  employed  in  practically 
€very  known  industry  where  machinery  8  re- 
quired. The  principal  advantages  of  electric 
drive  are:  

1    Economy  in  generating  electric  energy  m 
larU  sUtToM  and  distributing  it  over  scattered 

"^r'Economy  of  small  electric  motors;  power 
Ig  appH^dTthe  desired  points  in  any  amount 

•"s  "FlcilTy^rc"intrX  motors  can  be  started 
and'  stopped    and    the    speed    can    be    adjusted 

they  consume  into  useful  worK.  -,«♦<»■ 

I.  Flexibility  of  size  and  «^»P«,  o/  ™°^ 
and  flexibility  of  operating  c»»f'*^"i"Mj»-.|^gt 
possible  variety  of  n>«hanical  forms  is  almost 
SSimited,  and'  a  motor  can  be  designed  irith 
operating    characteristics    to    comply    witn    any 

"'^'TheTestinghouse  Electric  k  Manufacturing 
romnanv  maintains  several  corps  of  engineers 
-h«^m7ke  a  special  study  of  the  power  needs 
r„^d  rTqu^emeSrS  varioGs  industrVes  During 
the  many  years  this  company  has  been  makmg 
and  ^Sfying  "  otors  a  peat  fund  of  Jnforma. 
tkTn  haS  Wn  gained  covering  almost  evjry^^j 
sible    motor    application.     All    kinds    oj    "jf."' 

fe  rtCf tStri^ti^^^^^^^^^^ 

?r  t^iSve-K  tK;kh«ed3 

SSch*  Sfom;?ron''along  these  lines  »  "ow  «n 
record  in  Westinghouse  publications,  and  advice 
I»  frM  on  any  proposed  motor  installation. 

Fo^  sample:  a  monthly   Publi^^"*  «\  «"*'*l!j 
"M^achin?  Tooi    Motor    Talks"    will    help    the 
manairer   of   every    machine   shop.     Anoiner    en 
titled^  "Textile  Motor  Talks"  contains  muA  in- 
formation of  value  to  every  textile  mill  ofRcm. 

SSrils  can  obtain  the  publications  iliuitrat- 
Sg   ind   dSibing   motor   driven  'j;chji«  ^o^ 
his  industry  by  applying  to  the  nearaat  wts. 
inghouse  district  offltt. 


! 
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APWaCATlON  OF  MOTORg  TO  MACHINE 
TOOLS. 

In  respect  to  operating  speed  for  the  most 
economical  production,  machine  tools  may  he 
considered  in  two  classes:  «,.„^ 

1.  Conp^ant    speed    tools,    such    as    planers, 

^T  VusUbl?'  s^p'S^tooS;  such  a.  lathes. 
44  fe  i^KI  uTe?iMr  constant 

^HKMniaTiS^ior^  n  'motSs 
J  f  essentiallf  consta^^  speed  machines  but  can 
he  used  to  drive  adjustable  speed  machine  tools 

that  all  machine  tools  i»  a  «ivcn  territory  wm 
StimJtelj  b°  supplied  with  en"!?  '">"  ??! 
cent"  1  itatlon.  Standardiiaiion.  ol  *.s  M»tW 
Supply  and  the  machine  tool  equipment  »  there- 

'TT'Jimnt   1.   Preferjhl.   for   disWbjtion 

r&.r^'"ri-??"iu;iry3« 

means  of  motor  generators  or  rotary  converters. 
Th?;e%?asr  sixty-cycle    alternating    current    « 

f  Jfi\SrS1.t^ai5  iS^ertie^Ss  a?e 

°^|^Sar1iSn""of*  mVht^^^  tool  equipment 
win  "ead  to  improved  design  and  lower  costs 
r^il,*roi  Qtfltion  DOwer  is  available  for  breaK 
down  se^fce  for'^sVs  depending  on  private 
n?«^^8-  lid  shops  with  mechanical  drive  can 
SlSe  'trfal    iSstaVions    and    change    gradually 

*°o"S'irSin^o"'&ndition.-Machine  tools  operat^^ 
verv  intermittently;  that  s,  the  time  load  fac- 
tor of  the  average  machine  tool  is  low.  Ma- 
chine'toSf  motor!  are.  ther«f"e.  J^J^  rate^ 
for  not  over  two  hours  at  full  load,  ana  n^'*^ 
we  smaUer  and  less  expensive  than  motors  of 
the  8«Tie  ratings  for  continuous  service. 

TSrratio  of  the  combined  capacities  of   all 
the  motors  required  for  driving  the  tools  of   a 

•'•usl'of  tha  Graphic  Watlmaler— With  indiyid- 
ual  motor  iivc.  the   time  and  power  rcau'red 
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for  each  §t«p  of  an  operation  can  be  iifcowii  by 
meani  of  a  graphic  wattmeter.  By  the  use  of 
K  r«K)?d8  tSe  following  improvements  can 
be  effected: 

1.  All  delays  are  revealed  and  measures  are 
■uMested  for  reducing  or  eliminating  them. 

•2    The    cutting    rate    for   maximum    economy 
can  be  detJrminId  for  different  classes  of  work 
3.  Equitable  time  rates  for  different  jobs  can 
be  established. 

Economy— Maximum  economy  o?,J»o*"  ,f ".TO 
andtime  IS  usualy  obtained  with  >nti»^''l"a; 
motor  "rive.  The  more  important  jdva-itage. 
of  this  system  as  compared  with  line  shaft  drive 
are  as  follows:  ,  v  1* 

1.  Less  power  required;  line  shaft  and  belt 
friction  eliminated. 

2  Time  saved  in  setting  and  lining  up,  also 
in  starSg.   reversing,  and  in  obtaining  desired 

3.  More  speeds  are  possible;  and  time  la 
saved  by  obtaining  the  exact  speed  most  suita- 
ble for  the  work. 

4.  Slipping  and  breaking  of  belts  is  elimi- 
nated:  heavier  cuts  -"  \e  take^^tt^eter  causes 
of  del?y  SS  be  iScafed^iWdt  personal  super- 

''*'6!"Location  of  tool  -^an  be  determined  by  w- 
quence  of  operations,  and  changes  of  location 
can  be  easily  made.  _. 

Economy  of  Continuous  Operation— The  sav- 
inire  effected  by  keeping  the  machine  tool  at 
w?rk  for  the  maximum  possible  time  involves 
a  great  deal  more  than  the  saving  o«  tb«  'rork- 
man'8  time.  In  addition  to  wages  every  shop 
has   the  following  expenses:  «„««. 

a  Interest,  depreciation,  repairs  and  renew- 
als of  buildings  and  accessories. 

b.  General  operating  expenses. 

c.  Salaries    of    supervisors,    engineering    staff. 

These  overhead  charges  are  PfoP^rly  appor- 
tioned by  setting  off  against  each  machine  tool 
fir  each  working  hour  its  proportion  of  the 
overhead  charges  together  with  interest,  its  ,own 
cost  depreciation  and  cost  of  energjr.  i^nis 
charge  ^called  the  "machine  bour  ratcj' and  for 
large  tools  varies  from  about  50  cents  per 
hour  up  to  $5.00  per  hour,  depending  on  the 
size  and  value  of  the  tool,  the  space  occupied, 

*^  When,  therefore,  individual  motor  «irlve  in- 
creases  the  production  of  a  machine  toel  oy 
Stening  thJ  cutting  time  and  ei,„iBa««g  Un- 
necessary delays,  a  very  considerable  saving  » 
effected. 
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StiMllon  of  A  Motor  Drivon  Maehino  Tool-— 
In  Mlectinff  a  motor  driven  machine  tool  for 
•pecialiBcd  manufacturing  there  ahould  be  con- 
Bidered:  ^     ^ 

1.  Exact  class  of  work  to  be  done. 

2.  Approximate  feed  and  cutting  speeds. 

8.  Time  required  to  load  and  unload  the  ma- 
chine. 

4.  Site  and  shape  of  work. 

These  points  will  enable  the  manufacturer  of 
the  tool  to  determine  the  rating  of  the  motor 
•nd  the  typa  and  arrangem«nt  of  the  controller. 
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MOTOR  DRIVEN  WOOD  WORKiNQ 
MACHINERY. 


Aliernatinir  current  squirrel  cage  constont 
Bpeed  motors  form  the  roost  suitable  drive  for  the 
majority  of  wood  working  machines.  In  some 
few  machines,  as  in  "hogs"  for  reducing  slabs 
to  kindling,  high  flywheel  effect  makes  start* 
ing  difficult,  and  phase  wound  motors  with  ex* 
trrnal  resistance  are  preferable.  For  machines 
requiring  adjustable  speed,  such  as  certain  type* 
of  wood  lathes,  direct  current  shunt  wound  mo* 
tors  give  the  best  results  because  of  the  greater 
range  of  speeds  possible. 

Individual  Motor  Drivt  and  Group  Drive — ^In* 

diviriual  motor  drive  should  be  used  for  single 
machines  that  are  operated  more  or  less  irregu- 
larly but  at  their  full  capacity.  This  applies 
to  moflt  wood  working  machines.  Group  drive 
is  satisfactory  for  machines  used  frequently  but 
not  simultaneously.  Thus  an  emery  wheel,  knife 
grinder,  carving  machine,  cabinet  saw  and  disc 
pani'er  can  all  be  run  by  one  motor,  which  can 
1  live  a  capacity  of  considerably  less  than  the 
aggregate  ratings  of  the  machines. 


Approximate 
Machine. 


Power   Required. 


Size 

(  Small 

Jointers J 

{  Large 

Insiilc    Molders J     *** 

I  16x6 

Outside   Molders /     *^* 

i  14x5 

\Iortising  Machines.. 


Motor  H.P. 
2 

6-7% 
16 

20-80 

5 

10 
20 


Planers,  Matches  and 
Molders 


Siirfaccrs 


Ox    6 

S0xl2 

'  Small,  slow 
food 
Large,  rapid 
feed 


Belt    Sanders.  .  . 
Column   Sanders. 
Diic   Sanders.  .  . 


3-5 

SO 

40 


80 

8*5 

8 


tl 


ApprmliiMU  Pow«r  Rtqulrtd— C«ntliHMd. 


Maehlnt. 
Drum  Sanders*  < 


8ls«       Motor  H.P. 


Spindle   Sandert. 
Band  Saws 


Band  Re-Sews. 


Circular    Saws,    single 
cut  off 

Circular  Rip  Saw. . . . 
Timber  Sixers 

Tcnonising  Machines. . 


16  in.  drum 
42  in.  drum 
60  in  drum 
80  in.  drum. 
^  102  in.  drum 

Small 
Large 

8x24 
28x86 
14  in. 
86  in. 
60  in. 
14  in. 
86  in. 


Small 
Large 


8 

10 

20 

80 

40 

8 

8 

20 

15 

40 

8 

6 

60 

10 

16 
80-60 

8-6 
10-16 


MOTOR  DRIVEN  PUMPS. 


Both  D.  C.  or  A.  C.  motors  are  satisfactory 
for  operating  pumps.  For  most  cases  shunt 
wound  D.  C.  and  squirrel  cage  A.  C.  motors  are 
suitable;  but  when  the  starting  conditions  are 
severe,  as  where  the  pump  must  be  started 
against  a  full  discharge  pipe,  compound  wound 
D.  C.  and  phase  wound  A.  C.  motors  are  pre- 
ferable. _        .         —.        j_^    ^» 

Power  Required  for  Pumping — The  size  of 
motor  required  for  operating  a  pump  can  oe 
roughly  determined  by  the  following  formula: 


H.P.  = 


G.P.M.  X  H 

2000 


where  O.P.M.  Is  the  gallons  pumped  per  min- 
ute, and  H  is  the  total  vertical  lift  m  feet. 
This  formula  neglects  friction  head  and  assumes 
an  efficiency  of  about  60  percent  for  the  pump- 
ing unit.  ,  ,  .  .  .  ^  . 
The    following    formula    is    exact    for    fresn 


water: 


H.P.  = 


G.P.M.  X  (H  +  P) 
8960  xE 


Where  P  is  the  friction  head  and  E  the  ef- 
fleiency  ef  the  pump  expressed  in  hundredths. 
For  sea  water,  the  result  should  be  multiphed 
by  1.026. 


Friction  held  depends  on  the  epeed  of  the 
water  and  the  reeistance  to  ita  flow,  that  ".  o" 
the  condition  of  the  interior  of  the  pipe,  the 
number  of  benda,  elbows,  etc.  The  faction 
head  can  be  determined  from  tables  In  other 
Westinghouae  publicationa. 

i   ^ 
DIRECT  CURRENT  MOTOR  CONTROL. 

D.  C.  motora  are  started  by  applying  reduced 
voltage  to  the  armature  terminals.  The  «r««d 
is  controlled  by  regulating  the  voltage  at  ajther 
the  armature  termmals  or  the  shunt  fleld  tw- 
minals.  The  voltage  is  usually  regulated  by 
means  of  an  adjustable  resiatance  in  aeries  with 
the  armature  or  ^'e  fleld. 

Resistance  in  the  armature  circuit  causes  the 
speed  to  decrease;  speeds  above  normal  cannot 
be  obtained  in  this  manner.  With  annaturt 
control,  the  speed  also  varies  inversely  with  the 
torque;  constant  speed  with  varying  torque  if 
therefore  impossible.  The  loss  in  the  resistance., 
is  large,  varying  with  the  resistance  in  circuit 
and  with  the  square  of  the  torque.  Speed  con- 
trol by  means  of  armature  resistance  is  there- 
fore impractical  wherw  constant  speed  With 
varying  torque  is  required,  and  very  uneconom- 
ical except  when  reduced  speeds  are  required 
only  for  short  intervals  or  when  the  torque  de- 
creases very  rapidly  with  the  speed.  Armature 
resistance  control  is  impractical  for  machiae 
tools  on  account  of  varying  speed,  but  is  ussd  . 
BuccBsfuUy  with  the  following  applications:      ^^^j. 


Printing  Presses, 
Print  Rolls, 
Blowers, 
Fans, 


Centrifugal  Pumps,  | : 

Hoists,  Derricks,  Cranes,  ] 
Conveyors,  f 

Bending  Rolls.  i 


Resistance  in  the  shunt  field  circuit  causes  . 
the  motor  speed  to  increase;  speeds  below  nor- 
mal cannot  be  obtained  in  this  manne-.  The 
speed  of  a  shunt  wound  motor  remaina  practi- 
cally constant  at  all  field  adjustments,  regard-  , 
less  of  torque.  Shunt  fleld  control  is  therefore 
the  ideal  method  of  speed  adjustmeT^t  for  ma- 
chine tool  motors. 

The  speed  of  a  compound  wound  motor  oper- 
ating with  weakened  shunt  field  varies  inversely 
with  the  torque,  the  extent  of  the  variation  de- 
pending on  the  resistance  in  the  shunt  fleld  cir- 
cuit. Great  care  must  be  used  not  to  weaken 
the  shunt  fleld  excessively  when  a  compound 
wound  motor  is  operating  with  varying  torque, 
otherwise  the  removal  of  the  load  may  eaust 
the  motor  to  race  and  be  ruined. 
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METER  TESTING, 
With  Portable  Standard  Watthour  Meter. 

Formerly  the  method  of  calibrating  watthour 
meters  by  the  use  of  indicating  wattmeters  and 
stop-watches  was  standard.  Formulae  given 
with  each  make  of  meter,  provided  means  for 
translating  the  readings  of  the  meters  and 
stop-watches  into  percent  accuracy.  This 
method  is  described  in  the  succeeding  pages. 

The  increasing  use  of  electric  current  has 
made  necessary  a  cheaper,  more  convenient  and 
accurate  method  of  testing.  Tiis  need  has 
been  entirely  met  by  the  Westin  ihouse  Portable 
Standard  Watthour  Meter.  The  nncHbod  givaa 
perot.nt  accuracy  of  the  house  nieter  directly 
by  comparing  the  disk  speeds  of  the  two  meters. 

On  the  next  four  pages  is  given  a  table'  of  the 
relative  speeds  of  various  makes  of  meters  and 
percent    accuracy    for   use    in    testing   with   the 
Westinghoust  Portable  Watthour  Meter.  ^    As  an 
example, — if  it  is  desired  to  test  a  Westmgbouse 
6-ampere   100-volt   wattmeter,   using   the  above 
standard, — the    two   meters   are   connected   with 
their  current  coils  in  series  and  shunt  coils  In 
parallel  and  loaded  so  as  to  give  for  light  load 
1  revolution  of  the  disk  of  the  services  meter  m 
approximately  1  minute,  and  for  full  load  26  rev- 
olutions  in  the  same  time.     The  Westmghouse 
Portable   Standard  can  be   started   and   stopped 
instantly    by   means    of    a   push    button   awitcH 
connected    in    the    shunt    circuit.     The    test    ia 
made  by  noting  the  number  of  revolutions  made 
by  the  portable  standard  while  the  service  meter 
under  test  makes  its  normal  one-minute  run  (in 
this   case,   1   revolution  for  light   load   and   26 
revolutions  for  full  load).     The  number  of  revo- 
lutions  made  for  these  two  loads  by  the  stand- 
ard,  if  the  service  meter  is  correct,  would  be 
1  and  25  respectively.     If  the  number  of  revo- 
lutions made  by  the  standard  is   1.03,   service 
meter  is  3%  slow,  and  if  the  number  of  revolu- 
tions is  .97   service  meter  is  3%  fast  at  light 
load.     From  this  example,  it  will  be  seen  that 
the  accuracy  of  any  meter  listed  can  be  deter- 
mined   directly    from    the    table   for    any    speed 
within  6%  fast  or  slow  without  any  calculation 
whatever.     The     Portable     Standard     Watthour 
Meters  are  made  in  both  single-phase  and  poly- 
phase   styles.     A    polyphase    service    meter   can 
be    tested   with   a   single-phase   standard,   how- 
ever, by  testing  each  aide  as  a  sinslc-rna**  «•«- 
ntnt    and    multiplying   the   disk   rtvolutiona   Of 
the  standard  by  2. 
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METER  TESTING 
With  Portable  Wattmeter. 

SHALLENBERGER  AMPERE  HOUR  METER. 

Note  the  number  of  revolntlons  made  by  the 
small  "tell-taie"  index  of  the  reRister  dial,  in  a 
number  of  seconds,  using  the  folloiwing  formula: 

No.  of  Rev.  X  Meter  Constant 

■  z=  Current. 

No.  of  Sec. 
If,  therefore,  tYe  in'^cx  cf  a  20  ampere  niftrr 
makes  19  revolutions  in  120  seconds  the  current 
passing  is: 

19x68.3 

=10  amperes. 

120 
This  may  be  checked  by  means  of  a  portable 
ammeter   and    the   percentage   fast    or   slow    de- 
termined. 

The  cover  should  be  left  on  the  meter  while 
these  readings  are  taken. 

The  constants  of  the  different  capacity  meters 
are  given  below: 


Meter  Capacity 

6  ampere 

10      " 

20      " 

40      " 

80      " 

120      " 

160       " 


Calibrating  Constant 

22.6 

88.8 

68.8 
126.6 
258.1 
886. 
606. 


SHAIiLENBKROER  AKD  -WESTINaHOUSE    WATTHOUB 
METKRI. 

The  standard  formula  for  testing  all  types 
and   eapacitics,  when  using  indicating  standards 

R 
and  stop  watches,  is     Watt*  =  —  K  in  which: 

R  =  Number  of  complete  revolutions  in 
time  T. 

T  =  Time  in  seconds  required  for  revolu- 
tions R. 

K  =  Constant. 

The  constant  K  varies  with  different  types 
and  capacities  as  outlined  below: 

ShallenberBer,  Westlnghouse  Round  Pattern  B«ok 

Connected  and  Type  "A"  Singl*- 

Phasa  Watthour  Meter*. 

t-Wire  Meters 

For  self-contained  meters 

K  =:  volts  X  amps,  x  1 .1. 


m 


For  meter  used  with  current  transformer  only 
(but  checked   without) 

K  =  volts  (as  marked  on  dial)  z  6. 
For    meters    used    with    current    and    voltage 
transformers    (but  checked  without) 
K  =  600. 
For  meters  used   with  transformers   of   either 
or  both  forms   (and  checked  with) 
K  =  volts  X  amps,  x  1 .2. 

3 -Wire  Meters. 

For  self-contained   meters 

K  =  volts  X  amps,  z  2.4. 
For    meters    used    with    current    transformers 
only    (hut  checked   without) 

K  =  volts  X  6. 

Typ*  A  Polyphase  Watthour  Mttars. 

For  self-contained  meters 

K  =  volts  X  amps,  x  2.4. 
For    meters    used    with    current    transformers 
only   (but  checked  without) 

K  =  volts  X  12. 
i^or    meter    used    with    current    and    voltage 
transformers  (but  checked  without) 

K  =  1200. 
For  meters  used   with  transformers  of  either 
or  both  forms  (and  checked  with) 
K  =  vols  X  amps,  x  2.4. 
Note: — In    all    cases    the    volt    and    ampere 
values    are    those    marked    on    meter.     The   full 
load  speed  of  all  these  meters  is  60  R.P.]f. 

Typea  B  and  C  Single-Phase  Watthour  Matera. 

2-Wire  Meters. 

For  self-contained  meters 

K  =  volts  X  amps,  x  2.4. 
For    meters    used    with    current    '.rs'isformers 
«ily   (but  checked  without) 

K  =  voltsxJ'-. 
For    meters    used    with    current    and    voltage 
transformers    (but  checked  without) 
K  =     1200. 
For  meters  used  with  transformers  of  either 
or  both  forms  (and  checked  with) 
.  K  =  volts  X  amps,  x  2.4. 

3-Wire  Meters. 

For  self-contained  meters 

K  =  volts  X  amps,  x  4.8.  

For    meters    used    with    current    transformers 
(but  checked  without) 

K  =  volts  (as  marked  on  meter)  x  12. 
jjote: — In    all    cases    the    voU    and    ampere 
value*  are   those  narked    on   meter.     The    full 
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.60 
.80 
61.00 
.20 

0.67 
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1.31 
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kMd  apMd  •!  TypM  **W*   Ui4  «*0"   mcten  te 
26  R.P.M. 

Typ*  C  PolyphM*  Watthour  MtUrt. 

For  self-contained  meters 

K  =  volts  z  amps,  z  4.8. 
For    meters    used    with    current    transformers 
only  (but  checked  without) 

K  =  volts  z  24. 
For   meters    used    wiUi    current    and    voltage 
transformers   (but  checked  without) 

K  =  2400. 
^""or  meters  used  with  transformers  of  either 
or  both  forms  (and  checked  with) 
K  =  volts  z  amps,  z  4.8. 
Kote: — In    all    cases    the    volt    and    ampere 
values   are   those    marked    on    meter.     The   full 
load   speed  of   Type  "0"   Polyphase  meters   is 

25  R.P.M. 

jl 

CURRENT  PER  PHASE  IN  VARIOUS 
SYSTEMS. 


Vv 


r 


1  = 


w 


E  z  P.F. 


for  single-phase  circuit. 


1=  0.60  z 


W 


I  =  0.68  z 


E  z  P.F. 
W 


■  for  two-phase  circuit. 


E  z  P.F 
I  =  Current  in  line 
delivered     in     watts; 


for  three-phase  circuit. 


in  amperes;  W  =  energy 
E  =  potential  between 
mains  in  volts;  P.F.  =  power  factor.  When 
power  factor  cannot  be  accurately  determined  it 
may  be  assumed  as  follows:  Lighting  load 
with  no  motors,  0.96;  lighting  load  and  motors, 
0.86;  motors  only,  0.80. 


CENTIGRADE   AND 

Temperature 

Centigrade    Fahrenheit 


0 

6 

10 

li 

SO 

ts 

to 

86 
88 

40 
48 

46 


FAHRENHEIT  SCALES. 

Temperature 

Centigrade  Fahrenheit 

60  122 

66  181 

•0  140 

05  140 
70  168 
76  1«7 
SO  170 
88  186 
00  104 

06  208 
100  218 


Tmp. 
Temp. 


82 

41 

60 

69 

68 

77 

80 

06 
100.4 
104 
107.0 
118 

O.  =  6/0   (Temp.  F.— 82.) 
F.  rr  9/1     Temp.  0.+82. 
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ELECTRIC  HEATING  APPARATUS. 

The  reRular  line  of  hoating  apparatus  now 
manufactured  by  the  Weatinghouse  Electric  and 
Manufacturing  Company  includes  devices  used  for 
domestic  cooking,  laundry,  hat  manufacturing, 
confectionery,  printing  and  publishing,  and 
various  other  purposes. 

For  conft'ctioners,  chocolate  warmers  or  dip- 
pers are  made  in  standard  sizes  for  capacities 
of  twcniy-flve  and  forty  pounds,  reouiring  fifty 
and  sixty  watts,  respectively.  Batch  warmers, 
spinning  heaters,  candy  heaters,  kettles,  revolv- 
ing pans,  beating  machines,  and  other  devices 
used  by  confectioners,  can  be  supplied  on  spe- 
cial order. 

Hat  factories  employ  electric  brim  heaters, 
curling  machines,  hand  shells,  ovens,  flanging 
bags,  hand  and  machine  irons,  straw  hat  flats, 
printing  and  embossing  heads,  and  velouring  and 
curling  stoves.  The  watt  consumption  of  these 
varies  from  one  hundred  fifty  to  six  hundred 
fifty.  The  use  of  electric  heaters  improves  the 
quality  of  the  work  done,  and  increases  the  ca- 
pacity of  the  machines. 

For  use  in  laundries,  there  is  carried  a  com- 
plete line  of  sad  irons  ranging  in  size  from 
three  to  nine  pounds;  polishing  irons  in  five,  six, 
and  seven  and  one-half  pound  sizes;  and  for 
use  on  very  heavy  laundry  work  a  thirty-pound 
drag  iron. 

For.  the  printing  and  publishing  trades  ♦''e 
Westinghouse  Company  carries  a  complete  Ime 
of  glue  pots  and  glue  cookers,  and  is  prepared 
to  equip  special  glueing  devices  with  electric 
heaters.  Press  heads  and  press  blocks  are  spe- 
cial, and  information  will  be  supplied  on  any 
type  desired.  Electric  paletti  and  hand-tool 
heaters,  which  hold  a  largv?  number  of  tools, 
and  which  vary  in  power  consumption  from 
three  hundred  and  fifty  to  fifteen  hundred  watts, 
according  to  size,  are  also  made  up  on  special 
order. 

Electrically  heated  :natrix  driers  have  been 
supplied  for  a  number  of  large  newspapers  and 
have  fully  demonstrated  that  the  time  required 
to  dry  a  single  matrix  may  be  cut  down  to 
less  than  three  minutes.  The  best  with  steam 
or  gas  heaters  is  from  five  to  six  minutes. 

Fcr  eletrotypers  and  stereotypers  there  are 
furnished  wax  kettle  heaters,  wax  trimming 
knives,  case  warmers,  and  sweating-on  tables. 
For  photo-engravers,  burning-in  stoves,  rotary 
drier  heaters,  negative  drying  cabinets,  evapor- 
ating dish  heaters,  etc.,  are  supplied  on  special 
•rder. 

Tailors'  goose  irons  are  carried  in  stock  in 
sises  from  twelve  to  twenty-four  :  pounds,  in 
b«th    the   narrow    and   the   wide    type   patterns. 

44 


consuming  from  ieven  hundred  to  eighty  bun- 
drcd  fifty  watts.  Another  line  of  tailors  ma- 
chine irons  conaiats  of  the  above  mentioned 
narrow  type  goose  iron*  arranged  for  use  in 
connection  with  pressing  machines.  In  addition 
to  the  above  there  is  a  wide  type  goose  iron  m 
sixteen  and  eighteen  pound  aizei  for  use  on  an 
automatic  stand.  The  arrangement  is  such  that 
the  iron  takes  power  from  the  circuit  only  when 
it  is  resting  on  the  stand. 

Luminous-type  radiators  are  mads  with  two, 
three  or  four  heating  units,  each  unit  takmg 
two  hundred  and  fifty  watts.  Non-luminous  air 
heaters  are  made  with  two,  three,  four,  five  or 
six  heating  units,  each  unit  taking  five  hundred 
w&tts 

Electrically  heated  stoves  are  carried  in  stock 
in  four  and  six-inch  sizes,  consuming  two  hun- 
dred and  five  hundred  watts,  respectively.  Tlie 
Wcstinghouse  electric  toaster-stove  is  available 
for  light  cooking  operations  requiring  a  hot 
surface.     It  consumes  five  hundred  watta. 


TO  FIND  AMPERES  PER  PHASE 

Three-Phase  Ciroultt. 

Power  Factor. 


Volts- 

100% 

90% 

80% 

70% 

110 

Kw 

X  0.256 

5.84 

6.67 

7.61 

220 

Kw 

X  2.628 

2.92 

3.28 

3.75 

870 

Kw 

X  1.562 

1.735 

1.962 

2.231 

380 

Kw 

X  1.521 

1.690 

1.900 

2.170 

390 

Kw 

X   1.482 

1.646 

1.852 

2.117 

440 

Kw 

X  1.314 

1.460 

1.640 

1.877 

560 

Kw 

X  1.050 

1.166 

1.812 

1.500 

1100 

Kw 

X     .5256 

.584 

.657 

.751 

2200 

Kw 

X     .2628 

.292 

.828 

.876 

2400 

Kw 

X     .2400 

.266 

.3000 

.342 

3300 

Kw 

X     .1750 

.1944 

.2187 

.260 

6600 

Kw 

X     .0875 

.0972 

.1093 

.125 

10000 

Kw 

X     .0578 

.0640 

.0722 

.082r. 

13200 

Kw 

X     .0438 

.0486 

.0546 

.0625 

16500 

Kw 

X     .0350 

.0388 

.0437 

.0500 

22000 

Kw 

X     .0263 

.0292 

.0328 

.0376 

33000 

Kw 

X     .0175 

.0194 

.0219 

.0260 

Two-Phase  Circuits. 

110 

Kw 

X  4.54 

5.04 

5.67 

6.48 

220 

Kw 

X  2.27 

2.52 

2.83 

3.24 

440 

Kw 

X  1.13 

1.26 

1.41 

1.62 

1100 

Kw 

X     .454 

.504 

.567 

.648 

2200 

Kw 

X      .227 

.252 

.283 

.324 

Single-Phase  Ciroultt. 

110 

Kw 

X  9.09 

10.01 

11.36 

12.98 

220 

Kw 

X  4.54 

5.05 

5.68 

6.49 

440 

Kw 

X  2.27 

2.52 

2.84 

8.44 

1100 

Kw 

X     .909 

1.01 

1.136 

1.298 

2200 

Kw 

X     .4&4 

.j505 
41 

.568 

.649 

STEAM  TURBINES. 


Figure  1. 

A — ^total  water  per  hour  120  lbs.  gt.  iteain 
pressure,  non-condensing  7  lbs.  ga.  back  pressure. 

B — pounds  steam  per  kw.  hr.  same  conditions. 
Point  of  change  in  curvature  of  lines  A  and  B, 
show  when  overload  valve  begins  to  operate. 

C — pounds  steam  per  kw.  hr.  compound 
engine.  Note  that  turbine  performance  under 
most  unfavorable  conditions  is  within  6  percent 
of  engine  performance. 
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Figure  2. 

4i 


Fig.  I. — Net  improvement  in  plant  cfBcieoojr 
with  varying  degreea  of  anperbeat. 

It  will  be  recognised  that  as  the  degree  of 
superheating  is  increased,  the  steam  consump- 
tion of  the  prime  mover  is  proportionally  de- 
creased.  Other  factors  which  are  .ffected  in 
obtaining  this  superheat  are  generally  over- 
looked and  the  idea  is  more  or  less  prevalent 
that  the  plant  efficiency  steadily  increases  with 
the  superheat.  A  study  of  the  conditions,  how* 
ever,  demonstrates  that  the  improvement  ceases 
at  about  100  degrees  superheat,  the  point  of 
flexure  in  the  curve  of  net  economic  gain. 

In  some  types  of  turbines  a  high  degree  of 
superheat  is  essential  to  delay  the  dew  point 
and  obviate  the  effect  of  moist  steam. 
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SPECIAL  STEAM  TURBINE  APPLICATIONS. 
Low   PrsMura   Turbin*. 

The  term  low  pressure  turbine  refers  to 
turbines  which  irtilize  exhaust  steam  at  about 
atmospheric  pressure,  by  expanding  it  to  a  lower 
pressure  maintained  by  means  of  a  condenser. 
Steam  at  atmospheric  pressure  is  available  for 
ust  in  turbines  in  nearly  all  steel  mills,  mines 
and  in  many  light  and  railway  plants  originally 
designed  to  operate  noncondcnsing.  As  the  lovr 
pressure  turbine  utilizes  exhaust  steam,  the 
power  generated  is  obtained  practically  without 
cost.  It  does  not  increase  the  steam  con- 
sumption of  the  main  engine  and  therefore  does 
not  require  the  expenditure  of  more  fuel,  al- 
though capable  of  developing  from  80%  to  100% 
of  the  power  obtained  from  the  high  pressure 
reciprocating   engine. 

The  only  costs  chargeable  against  the  low 
pressure  turbine  are  interest,  depreciation  and 
maintenance  of  the  turbine  and  condensing  ap- 
paratus. They  therefore  furnish  the  most  eco- 
nomical method  of  increasing  plant  capacity 
where  the  main  engines  are  operated  noncon- 
densing,  or  for  furnishing  power  for  live  rolls 
or  lighting  in  rolling  mills  and  mines  where  the 
exhaust  steam  from  rolling  mill  or  hoistmg 
engines  is  available. 

"Where    the    exhaust    steam    from    a    «inK\e 
engine  running  intermittently  such  as  in  hoist- 
ing, is  to  be  used  for  operating  a  low  pressure 
turbine,   continuous    operation    of    the   latter    is 
made  possible  by  use  of  a  steam  regenerator  or 
heat  storage  reservoir,  which  consists  of  a  plain 
cylindrical   tank  partly   filled  with  water  which 
condenses  the   excess   exhaust  not  used  by  the 
turbine   when    the    engine    is    running,    and    re- 
evaporates   it   owing   to   a  slight  drop  in  pres- 
sure in  the  regenerator  when  the  supply  of  en- 
gine steam   is  deficient.     A  rolling  mill   engine 
or  hoisting  engine  will  have  a  steam  consump- 
tion   of    approximately    40    lbs.    per    Indicated 
H.P.,    whereas    the    low    pressure    turbine    will 
generate  a   kilowatt  hour  for  approximately   80 
lbs.  of  steam  at  full  load.     Hence,  a  500   H.P. 
hoisting  engine  operating  half  the  time  is  capa- 
ble   of   driving    a    325    Kw.    generator    continu- 
ously   without    requiring    any     extra    coal.     In 
lATge  plants  having  a  number  of  noncondcnsing 
engines,  the  installation  of  a  central  low  pressure 
turbine  plant  with  the  exhaust  lines  from  the  iso- 
lated engines  all  discharging  into  a  single  he^er 
in   tht  station,   the    average   flow   will   be  suf- 
ficiently uniform  that"  the  lieat  storing  capacity 
of    the   exhaust   mains    may   be    sufflcicnt.    thus 
rendering  a  regenerator  uanecessary»#       r 
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REDUCTION  QEAR. 
M«lvill«-M«Mlpln«. 

As  turbinet  Inherently  to^o»*«  i*»A.'?l!i**3 
•n«ed  m«nv  aDDlleationi  neceniUte  the  use  oi 
Jfd!ctioT^e*i5.  HUh  speed  reduction  gears 
Sie  bSn'StisfsctoSly  employed  in  sUee  o! 
300  H.P.  and  less,  for  a  numW  ot  7*ms,  in 
which  belanced  helicsl^feMS  Pl*«ed  in  solid 
b»«a-lngs  were  used.  High  PO*f"  ,7«"  Jg: 
prsctiMl  in  this  type  of  gear,  f^J^J^^}^ 
from  exce-slve  tooth  pressure  srising  from  wenr 
of  the  bearings  and  maladjustments.     

In  the   MervlUe-Macalpine  "»«•''*»»•••  J*"; 
culties   are   obviated   by   the   i«e   otj^.J^^^. 
frame    on    which    the    pinion    is    carried.     The 
frame  which  U  supported  on  a  flexible  "1 '  beam 
STrle  to  osciUateTn  a  vertical  plane,  automat- 
Ically  maintaining  an  even  distribution  of  tooth 
ireJures.     HighWiencies  obtain  to.  ?'»  »2J: 
and  during  an  official  test  of  a  6000  Il.P.  set, 
98.5%  was  secured  over  a  wide  ,r»«>»V |n  Jo»J- 
It  was  primarily  devised  for  marine  practice  to 
permit  the  turbine  and  P">FJ»""/obe  operated 
at  their  most  efficient  speed.     It  also  has  beea 
adopted  for  driving  large  direct  current  ge«»e«* 
tors   which    must    be    driven    at   relatively    low 
speeds    to    avoid    commuUtion    troubles.     Re- 
ductions of  one  to  twelve  may  be  readily   ob- 
Sd.    Other  uses  in  driving  pumps  and  shaft- 
ing may  be  made. 

tCOnOMV  TtST  _^..„ 
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Figure  6. 
Fig.   6.— Economy  of   a  100?    Iw.  Westing- 
hose  low  pressure  turbine  with  vacuum  varying 
from  24"  to  28". 
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Figure  6. 
Fig.    6    shows    the    results    of    tests    upon^ 


a 

1000  Kw.  Uorftiiisiious=e  low  pressure  double 
flow  steam  turbine  operating  on  dry  saturated 
steam.  The  economy  at  maximum  load  and  ^» 
inch  vacuum,  is  22  lbs.  per  b.h.p.  hour  with 
steam  at  an  initial  pressure  of  13.8  lbs.  abso- 
lute. This  corresponds  to  a  steam  consumption 
of  about  32  lbs.  per  Kw.  hour. 
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Figure  7. 

Fie.     7     shows     the     combined     water     rate 

CM-  ^  for   a   cross-compound    Corliss    condensing 

'   tnd  low   pressure   turbine.      An   examma- 

01  of  these  curves  will  show  that  approxl- 
1      eiy  "5%  more  power  is  obtained  for  a  given 
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amount  of  steam  when  the  engine  ii  run  non- 
condensing  and  the  exhaust  used  in  a  low  pres* 
sure  turbine,  than  when  the  engine  is  run  con- 
densing without  the  turbine.  This  demonstrates 
thti  economy  of  installing  noncondensing  en- 
gine and  low  pressure  turbine  in  place  of  a  con- 
densing reciprocating  engine,  as  the  combined 
unit  has  a  smaller  initial  cost  per  Kw.  output, 
than  the  condensing  ensrine.  As  the  engine  and 
turbine  can  be  electrically  tied  together,  a  gov- 
ernor on  the  low  pressure  turbine  ii  generally 
ui.necessary. 

High  Pressure  Turbine. 

Steam  turbines  designed  for  noncondenaing 
operation  are  eminently  suited  for  service  in 
central  stations  operating  district  heating  sys- 
tems, owing  to  their  great  overload  capacity  and 
flat  water  rate  curve. 

In  many  locations  condensing  water  is  scarce, 
or  can  be  obtained  only  by  the  use  of  cooling 
towers,  and  in  such  cases  plants  suitably  located 
near  business  or  residential  districts,  a  very 
substantial  return  on  the  investment  can  be  ob- 
tained by  selling  the  exhaust  steam  at  from  40 
to  60c  per  thousand  pounds,  whereas  with  coal 
at  ?4.00  per  ton,  the  cost  of  generating  a  thou- 
sand pounds  of  live  steam  is  but  25c.  The  loss 
by  condensation  in  steam  pipes  properly  laid 
and  protected,  will  not  exceed  from  fl  to  10% 
per  mile  of  pipe.  A  back  pressure  of  from  1  to 
6  lbs.  is  all  that  need  be  carried  for  satisfactory 
service.  Some  plants  omploy  a  vacuum  return 
system  having  no  bacK  pressure  on  the  engines. 

An  alternative  to  straight  noncondensing  is 
furnished  by  the  bleeder  system,  in  which  the 
steam  for  beating  is  taken  from  the  second 
barrel  of  a  condensing  turbine  (equivalent  to 
running  noncondensing)  and  all  the  steam  not 
required  for  heating,  condensed  after  passing 
through  the  low  pressure  section  of  the  turbine. 
This  system  insures  maximum  economy  under 
all  conditions,  as  there  is  no  waste  of  steam,  it 
either  being  sold  for  heat  or  used  in  the  low 
pressure  section  for  generating  power.  Such  a 
plant  is  in  successful  operation  at  Adrian,  Mich., 
using  Westinghouse  turbines. 

As  an  example  of  what  can  be  done  by  dis- 
trict heating,  we  may  cite  the  case  of  a  Rail- 
way Lighting  and  Heating  Company.  One  year 
of  operation,  the  returns  from  the  heating  sys- 
tem weie  sufficient  to  pay  the  coal  bill  for  the 
entire  year,  interest  and  maintenance  of  t^e 
underground  system  and  power  house  pay  roll; 
the  income  from  the  liprhtmg  and  railway  power 
business  being  profit,  with  the  exception  of  tile 
interest  Knd  depreciation  charges  on  power  bofuse 
investment. 
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Turbo  Pumps  and  Btowart. 

A  wide  field  for  the  application  of  steam 
turbines  has  been  opened  up  by  the  improve- 
ments in  centrifugal  pumps  and  turbo  blowers. 
Centrifugal  pumping  machinery  driven  bv  tur- 
bines is  now  available  for  all  moderat  and 
high  head  work,  such  as  municipal  pumping 
stations,  fire  systems,  flre  boats,  boiler  feeding, 
mining  and  many  other  industries  where  large 
volumes  of  water  must  be  pumped  against  a 
high  head.  Noncondensing,  a  duty  of  35  to  45 
million  ft.-lbs.  per  1000  lbs.  of  steam  can  be 
obtained,  or  70  to  90  million  ft.-lbs.  per  1000 
lbs.  of  s'.eam  when  running  condensing.  When 
the  differonce  in  maintenance,  oil  required,  valve 
renewals  and  sustained  efficiency  of  the  turbine- 
driven  pump  is  capitalized,  the  turbine  pump  ia 
on  a  par  with  other  types  of  pumping  engines 
In  regard  to  cost,  but  has  the  additional  ad- 
vantages of  being  incapable  of  pumping  against 
a  head  much  exceeding  that  for  which  it  is  de- 
sigrned,  thus  avoiding  the  danger  of  bursting  the 
pipes  when  the  delivery  is  shut  off,  and  of  being 
able  to  meet  a  great  increase  in  capacity  without 
change  of  speed  when  the  pressure  is  slightly 
reduced.  This  latter  characteristic  in  the  non- 
condensing  field  makes  the  turbine  driven  pump 
unexcelled  for  hydraulic  elevator  service.  In 
steel  works  where  large  quantities  of  water  must 
be  pumped  against  considerable  head,  centrifugal 
pumps  driven  by  exhaust  steam  Clow  pressure) 
turbines,  are  particularly  advantageous  and  will 
show  large  returns  on  the  investment.  The 
same  applies  to  mining  where  turbine  driven 
centrifugal  pumps  are  available  for  draining  the 
mine,  using  exhaust  steam  from  the  hoisting 
engines.  Exhaust  steam  turbine  driven  fens 
can  also  be  used  for  ventilation,  these  being  the 
most  reliable,  compact  and  efficient  ventilating 
devices  in  existence. 

For  all  purposes  where  air  is  required  at  a 
pressure  of  from  2  to  15  lbs.  per  sq.  in.,  centrif- 
ugal turbine-driven  blowers  are  available  at  an 
economy  equal  to  that  of  blowing  engines,  but 
requiring  but  a  very  small  portion  of  the  floor 
space  and  costing  but  a  small  fraction  of  recip- 
rocating blowers. 

The  theoretical  water  horspower  required  to 
'i'^J^  4  »»UoM  of  water  per  minute  to  a  height 
of  H  feet  is WHP  =  A  x  H 


and  the  brake  horse  power  actuidly 
requir«i  will  be ,,.HP  = 


4000 
AzH 

2600 


This  aHofWi  for  elleienej  of  pomp  and  a  con- 
siderable margin  of  safety. 
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SMALL   TURBINES. 

Turbines  designed  for  capacities  of  200  kw. 
and  less  may  b«  correctly  classed  as  small  ma- 
chines. Steam  turbines  came  rapidly  into 
prominence  in  the  last  decade,  mainly  through 
Ihe  development  of  the  larger  sizes.  This 
course  was  evidently  logical,  as  it  was  with  the 
large  reciprocating  engines  that  limitatibns 
were  first  encountered.  As  the  same  advan- 
tages of  decreased  oil  consumption,  floor  space, 
maintenance  and  attendance  over  the  recipro- 
cating engine  similarly  exists  in  small  turbines, 
those  machines  have  been  since  desigrned  for  all 
uses  fulfilled  by  the  steam  engine  for  slow  speed 
operation.  Slow  speed  may  be  obtained  through 
reduction  gears.  Where  an  economical  speed 
jnay  be  employed,  the  steam  consumption  of  the 
small  turbine  js  practically  on  a  parity  with  an 
efttcient  engine,  as  the  following  table  indicates: 


Kw. 

Snu  OOISUHPnOI  1:0  its.  Ca.  Hon  Cond. 

Rating 

Lbs. 
Kv:.  Hr. 

Lbs. 
B.H.P.  r 

Lbs.  IqaiTalant 
I.H>.Hr.» 

25 

72.7 

51 

44 

SO 

62 

43.5 

38.2 

100 

50 

35 

31.G 

These  values  arc  approximate,  depending 
i:pon  speed  employed,  and  it  should  be  borne  in 
mind  that  the  efficiency  of  the  turbine  is  sus- 
tained over  long  periods  while  the  engine  is 
subject  to  rapid  decline  in  efficiency,  due  to  in- 
adjustment  and  valve  leakage. 

Owing  to  operating  with  constant  angular 
velocity,  the  small  turbine  is  particularly  de- 
sirable for  lighting  sets,  exciters  and  boiler 
feeds,  centrifugal  pumps  and  compressors. 

EFFECT  OF  VACUUM  ON  TURBINE 
ECONOMY. 

In  Fig.  8  the  results  of  20  to  40  tMts 
on  500  Kw.  Westingbouse-Parsons  turbines  are 
given,  showing  the  total  water  and  water  rat* 
per  b.h.p.  hour  for  various  vacua  from  26  to  19 
inchM.     Tbtse  are  all  from  tests  at  tht  Taetta 
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stated,  with  dry  steam,  and  were  not  obtained 
by  correction.  Correction  factors  deduced  from 
Pi^.  8  have  been  plotted  in  Fig.  9,  taking  a  28" 
tacuum  as  the  standard.  In  order  to  reduce  the 
steam  consumption  at  27  inches  to  28  inches,  it 
IS  only  necessary  to  multiply  by  the  correspond- 
ing factor,  .963  at  full  load,  or  .953  at  half  load. 


1.10 
l/)5 
.0 
^5 
■90 
.00 


Correction  Factors  for 
VACUUM  500 KW Turbine 


Figure  9. 


The  remit  is  the  steam  consnmptitn  at  28  inch 
vacuum.  On  the  other  hand,  if  it  ia  desired 
to  reduce  from  28  inches  to  29  inches  at  full 
load,  the  steam  consumption  at  28  inches  is 
divided  by  the  factor  1.087.  The  curve  of  cor- 
rection Aictors  is  only  strictly  true  for  600 
kw.  turbines,  but  it  ia  also  approximately  cor- 
tfKt  for  normalljr  rated  turbints  of  larger  sise. 
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An  important  point  to  be  noted  In  these  re* 
suits  is  that  Westinghouse- Parsons  turbines  may 
be  operated  with  good  efficiency  on  moderate, 
low  vacuum,  or  even  noncondensing.  Thus,  a 
water  rate  of  13.6  lbs.  per  b.h.p.  h».  ou  28 
inches  vacuum,  full  load,  is  increased  by  only 
1.4  lbs.  to  15  lbs.  when  under  25  inch^ 
vacuum.  This  is  an  advantage  peculiar  to  the 
Tarsons  or  pressure  type  turbine,  and  renden 
plant  economy  lenn  sensitive  to  deficient  operas 
ing  conditions. 

LEBLANC  CONDENSERS. 

The  Loblanc  condenser  is  of  the  counter  flow 
jet  type,  »3qulpped  with  a  centrifugal  discharge 
pump  and  s.  special  form  of  centrifugal  jet  air 
pump  capable  of  handling  large  volumes  of  afr 
and  the  maintenance  of  a  vacuum  corresponding 
to  within  two  degrees  of  the  temperature  in  the 
condenser.  The  air  and  circulating  pump  which 
are  on  the  same  shaft,  are  driven  by  the  same 
motor,  steam  engine  or  steam  turbine,  whi(%, 
operating  at  a  high  speed,  makes  the  most 
compact  high  vacuum  apparatus  possible.  Its 
special  advantages  consist  in  its  abilitr  to 
work  with  a  very  much  smaller  terminal  d{ifer< 
ence  than  other  types  of  condensers,  frequently 
maintaining  the  ideal  vacuum  even  with  com- 
paratively warm  condensing  water,  or  in  cases 
where  the  temperature  rise  is  hieh  due  to  the 
limited  quantity  of  condensing  water  available^ 

TmI*-— Leblano   Cond«ne*r» 

70*  Water.  V      ; 

Approxbnate  rating....  44%  70%  n% 

Steam  per  hour.  lbs...  13100  21100  28760 

Ratio   water   to   steam.  82.5  61.4  46.8 
Temp.     diff.     vac.     and 

discharge,  Deg.   F . . .  »  7  S.6 

Power  required,   e.h.p. .  52  63  66 

Terrip.    injection,    Deg. .  65  70  71 

Vacuum  carried 28.76  28.00  27.96 

Per  cent,  perfect  vac.  80.1  98.6  08.16 

Approximate  rating,...   .«M  1S6%  148% 

Steanri  per  hour,  lbs;...  .;';:$i  .17000  44400 

Ratio  water  to  steatd..    ....  $8.0  S4.9 

Temp.     diff.     vac     and 

discb,  Deg.  F ,  9  f- 

Power  required,  e.h.p..    ..  .^  65  61 

Temp,  ifijection,  Deg." r.   ....  70  70 

Vacuum  carried 27.60  26.81 

Percent  perfect  vaoiium.  . . . .  90.16  98.4t 

flt 


Cooling  WaUr  Rtquirtd  for  Condanting. 

The  curves  as  drawn  show  the  theoretical 
ratio  of  cooling  water  to  steoTn  condensed,  as- 
suming zero  temperature  difference.  To  use 
these  curves  with  any  given  temperature  differ- 
ence, it  is  only  necessary  to  add  this  difference 
to  the  inlet  temperature;  e.  g.,  inlet  tempera- 
ture, 70  deg.;  vacuum,  28  inches;  temperature 
difference,  10  deg.  From  the  curve,  the  water 
ratio  for  80  deg.  and  28  inch  vacuum  is  44.0. 
Conversely,  if  the  maximum  water  ratio  availa- 
ble is  known,  and  its  temperature,  the  possible 
vacuum  can  be  found,  or  having  the  water  ratio 
and  vacuum,  the  necessary  inlet  temperature 
can  be  determined. 
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WESTINGHOUSE  GAS  ENGINES. 

Horizontal    Doubie-Aotino   Type— Fraotional 
Load  Taata. 

Test  of  600  H.P.  Westinghouae  Gas  Engine. 
-Norton  Co.,  Worcester,  Mass. 
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Figure  11. 

From  report — A.  S.  M.  E.  1907  Holder  Drop 
Method.     Bituminous  Producer  Gas. 

Typioal  EfRoiancy  Tests,  Single-Actlna  Gas 
Enoines.  Avernne  of  three  tests,  19x22-300 
H.P.  Engines. 
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Figure  12. 
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Figure  13. 

These  curvw.  Figs.  11,  12  ?nd  .^8,  show  the 
genCTal  performance  and  efBciencies  that  may 
be  expected  from  the  type  of  engine  tested,  viz., 
the  Westinghouse  lour-cycle  single  acting  multi- 
cylinder.  The  expression  "kinetic  efficiency, 
means  the  ability  of  the  engine  to  convert  heat 
into  useful  work;  in  other  words,  the  percent  of 
the  original  heat  sent  to  the  engine  which  finally 
appears  at  the  shaft.  An  efficiency  of  26  per- 
cent at  full  load  has  been  obtained  under  more 
favorable  conditions.  Tlie  efficiency  of  the  or- 
dinary steam  engine  of  equal  size  seldom  exceed! 
one-half  that  shown  by  these  gas  engines. 

Formula    =    Thermal    or    kinetic    efficiency 
=2645  -r  Btu  per  h.p.  per  hour. 

Method  of  Determining  Compartllve  Cotl  of  Gat 

and  Steam   Power  for  Assumed  Conditions. 
5000  Kw.  Slatlon--66  Percent  Loading  Factor. 


4, 


#     lio    «i0  iM    4.0B    A.0O  e-w    '.w 
mtetorooAt,»«*Toii 

Figure  14. 

Note — Operating  cost  Includes  fuel,  labor, 
supplies,  repairs.  Total  cost  includes  operating 
and  fixed  costs.  Curve  "A"  for  gas  engine 
costing  140  B.H.P.  Curve  "B"  for  gaa  engine 
coating  MO  V^  B.H.P. 


98 


Comparative 

Power  Plant  Duty 

V 

S, 

V 

Full  Load  av)i  I4Tcsts 

EacmGasTests  21-43  Hr& 

Steam  Tests  10  Hrs. 
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Figurfl  15. 


Operating   Cottt  800  H.P.   Gat   Powtr  Station 

Using  Natural  Gat. 

Wettinghoute     Triple     Cylinder     Vertioal     Gat 

Enginet,  Belted  Generatort. 

Station  capacity  (five  engines)  Wlowattt  470 
Number  of  years   in  operation 8.0 

Average  station   load   factor    ("08* '06) 
percent 19.09 

Average   gas    consumption    per   kilowatt 

hour   (.'08- '06)    (cu.  ft.) 25.1 

Average   heat    efficiency    at    switchboard 

(percent) 14.14 


i   ) 


Cost  of  Powor. 

Dollars 
per  year 
-    ,  "VK*  8  yr. 
Fuel   gas,    includinir   heat- 
ing          8121 

Station    wages 8068 

Oil  waste  and  supplies...        4S4 

Running    repairs 848 

Running    repairs    gas    en- 
gines only    286 


Cents 
pr.  kw,  hr. 
avg.  4  yr. 

0.807 
0.410 
0.064 
0.086 

0.084 


Total  operating  costs..  |7776  0.890 

Engine    repairs,    |0.86    per    horse    power    per 

year. 
Engine  repairs,  .67  per  engine  per  year. 
Engine  repairs,   .76   percent  on  investment. 
Fi»el — Bradford  Natural  Oas. 

^MirrSH0WtN(rAPPROXIMATI  COM^ARATIVI 
THUMAL  EFFICICNCy  OF  STEAM  PIANT-OAS  HAKT 


^     AND  OISTRWUTION  OF  LAMMUT  LOSSU 
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FEATURES    OF    T"E    RONEY    MECHANICAL 
irOKER. 

Over  one  million  four  hundred  thousand  h.p. 
sold. 

All  largest  power  stationi  tn  New  York  City 
flred  by  Roncy  fftokert. 

All  parts  of  grate  interchangeable. 
No  bolts  inside  furnace. 
Cooling  surface   of  tops  exposed  to  incoming 
«Jr,  7%  tinies  burning  surface  exposed  to  Are. 

Tops  may  be  redistributed,  resulting  in  longer 
life. 

Non-sifting  tops  on  upper  courses  to  reUin 
fine  coal  until  coked. 

Only  one  hand  adjustment  for  both  grate 
movements,   opening  and  closing. 

Draft  area  through  grates,  variable,  according 
to  the  rate  of  combustion,  not  constant  as  in 
hand-ilred  furnaces  requiring  variable  stack  draft 
for  varying  rates. 

Semi-balanced   dumping  grate— reduces  labor 
and   automatically   breaks  up  clinker  formation. 
Beverberatory  arch  for  coking  green  fuel. 

Preheating  of  air  by  passing  over  arch,  alao 
cooling  arch. 

Fuel  bed  visible  and  accessible  at  all  times. 
Minimum    draft    required    due    to    direct    and 
low  resistance  passages  through  grates. 

N"mber  of  stokers  driven  from  one  engine. 

Adaptable  to  any  type  of  boiler. 

Capable  of  burning  any  commercial  fuel,   es- 
pecially low  grade. 

Minimum   labor  required  due   to  accessibility 
of  fire  bed. 

One  fireman  can  handle  from  2000  to  tOOO 
horse  power  in  boilers. 

Well  adapted  to  double-flred  fumaec  arrange- 
ments. 
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WESTINQHOUSE  AIR  COMPRESSORS.  STEAM, 
MOTOR  AND  BELT-DRIVEN. 

Duringr  the  past  nine  years  over  18,000 
Westinghouse  air  compressors  have  been  sold 
in  the  United  States  alone  for  purposes  other 
than  in  connection  with  air-brake  apparatus. 
That  these  sturdy  little  compressors  have  found 
a  wide  range  of  usefulness  throughout  the  gen- 
eral industrial  field  is  clearly  indicated  by  the 
increasing  sales  of  this  class.  This  is  un- 
doubtedly due  to  their  simplicity,  neatness  and 
compactness,  and  their  design  to  occupy  the 
smallest    possible    space    but   of  ample    wearing 

fiarts  to  insure  great  durability  and  consequent 
ow  cost  of  maintenance.  All  parts  are  easily 
accessible,  and  the  compressors  can  be  easily 
fastened  to  any  side  wall,  column  or  other  sub- 
stantial support,  thus  requiring  no  floor  space 
or  foundation. 

The  fact  that  they  are  the  recognized  stand- 
ard air  compressors  in  universal  use  in  connec- 
tion with  both  steam  and  electrio  railroad  air- 
brake systems  throughout  the  world,  is  a  suf- 
ficient guarantee  of  their  absolute  reliability. 
Special  Publication  9012  illustrates  and  de- 
scribes the  variety  of  sizes  in  which  these  com- 
pressors are  made. 

A  few  of  the  many  purposes  to  which  West- 
inghouse compressors  are  particularly  well 
adapted  are  the  following: 

Agitating  liquids  and  solutions  in  processes; 
air  brakes  on  hoisting  engines;  air  hoists  of  all 
kinds;  air  signal  systems  in  mines,  and  whistles 
in  shops  and  factories;  ash  disposal  outfits; 
automobile  garages;  artesian  well  testing  and 
cleaning;  automatic  sprinkler  systems;  blasts 
for  furnaces;  boiler-tube  cleaners;  bottle  ma- 
chinery; conveying,  racking  and  beer  bottling 
machinery;  dusting  and  cleaning  machinery; 
cleaning  sheep  and  cattle;  conveying  acids, 
liquors  and  liquids;  cranes;  crematory  furnaces; 
compressed  air  for  physicians,  dentists,  labora- 
tories, barb?rs,  clippers,  etc.;  drying  residues 
from  filtration;  elevators  and  elevator  doors 
and  gates;  high-pressure  gas  transmission; 
grouting  machines;  heating  lystems;  interlock- 
ing switch  and  signal  systems;  monotype  ma- 
chines; moulding  machines  in  foundries;  oil 
burners;  oil  well  boring  machines:  painting  and 
spraying;  compressing  oxygen  and  acetylene  for 
ozy-acetylene  blow  pipe;  pneumatic  tooli:  pneu- 
matic tubes;  portable  air  compressing  plants — 
steam,  motor  and  gasoline- engine  driven;  rock 
drills;  pumping  wells;  sand-blast  outfits; 
sausage  machines;  sewage  ejection;  sprinkling 
fruits  and  vegetables;  steering  gear  of  steam- 
boats; raising  open-hearth  furnace  doors  in  steel 
mills;  uid  vacuum  cleaning  plants. 


Morse  silent-runnivq  high  speed 

CHAINS. 

„  '^^f.  .^orse    Silent-Runnine    Power    Chain    <. 

turn  '^  to".rrin\'i',h""'^'  «rSt'S„"j;  .■: 

-procUt  wheel  ?,f' Shich  1?  r'S       °°'    "    *■" 
300.000  8*^  XViJ^lL'^i  "aScgf SS"U  T 


Morte  SIlent-Runnrno  Hish  Speed  Chain. 
Type  23. 

IF  ^^*  J"!«f*l  effleiency  is  due  to  the  lue  o#  fii« 
Morse  Frictionless  R^ker  Joint,  whic?  cSaiS! 

hllJTf  K"'-°-'  ^^^i"^<*  tool  ite^reich  SilS 
half  of  the  joint  and  so  shaped  and  hpM    sV*  -5 

the  chain  bends,   the  roun£d   edge  Sf'*  one ''pS 

stftSinH  i^?,-^*'  "4?  o'  "»«  otter.  thiSsSS 
??in  f^^  ^*  rolling  motion  for  tte  rubbinT  fric^ 
tion  found  in  all  other  chain-joints  Whin  tiL 
«=bain  18  straight  the  flat  seat  pS  bears  a?siSlt 
one  of  the  flat  faces  of  the  roSker  pin  «?  thSt 
It  is  only  when  the  chain  bends  ttVt  the  ivSS 
comes  upon  the  rounded  edge  of  5»e  rwskS  T?  , 
prevents  undue  vibration  in  tL  ■♦,.»!?-*»#  il 
chain  between  tte  sprockets"  "  **'  **** 

pasTe*«efl«  ?nn"*^.  ^"^  lubricated  witt  a  heavy 
fiffo      fi^*****    containing   no   solid   matter      For 

GreaseTo^^^"!  or^L  T^'"™""'  KSSiission' 
No  2  foM  hv  fhJf^*^  5°^^  ^«'*«'  Cup  Oreaw 
K/O  iinfn  fi  ^  i^^l  Standard  Oil  Company,  the 
«»  T?^f  "k*^'**  ^  the  New  York  4  New  Jer- 

wIvinnl^^'A"*  <^o°?P«"y.  New  York  City,  or  the 
Keystone  Grease   No.   4    or  No    6    aniH  hJ  Jilf 

Keystone  Lubricating  Compa??'  of'  Phlide{phSt! 

tn  'IJfu^^K"*  ■'■•  ""*^*  *"  •  ▼"Jety  of  widths 
nH„K-"  i^®    P**?*'    transmitted    and    in    nine 
pitches,  the  number  of  revolutions  of  the  small- 
est sprocket  determining  tte  pitch  to  be  ?sed 
as  shown  by  the  following  Ubfc:  ' 
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MORSE   CHAIN   AND   SPROCKET    DATA 
Continued. 

Note     1.     Number  of  teeth =T. 

Exact  Outside  Dia.=D. 

For    T — less    than    20    teeth,    D= 

Pitch  Dia. 
For  T — more  than   20   teeth,  D= 

Pitch  Dia.+2xAddendum. 

Note  2.  Use  sprockets  Laving  an  odd  numbe 
of  teeth  whenever  possible. 

Note  3.  When  specially  authorized,  a  large 
number  of  tooth  than  shown  ma 
be  cut  in  large  sprocket. 

Note  4.  Thickness  of  sprocket  rim,  includin, 
teeth,  should  be  at  least  1.2  time 
the  chain  pitch. 

Note  6.  The  number  of  grooves  in  th 
sprocket,  their  width  and  distanc 
apart,  varies  according  to  pitcl 
and  width  of  chain  In  everv  cas 
leave  the  designing  and  turning  o 
these  grooves  to  the  Morse  Chaii 
Company. 

The  width  of  the  sprocket  should  b 
%  to  ^4  inch  greater  on  smal 
drives,  and  %  to  %  inch  greate 
on  large  drives  than  nomina 
width  of  the  chain. 


Note     6. 

Note     7. 
Note     8. 

Note     9. 

Note  10. 
Note  11. 

Note  12. 


The  chain  should  have  an  even  num 
her  of  links  and  the  wheels  an  od( 
number  of  teeth. 

Horizontal  drives  preferred;  tlghl 
chain  on  top  necessary  for  shori 
drives  without  center  adjustment 
and  desirable  for  long  drives  witl 
or  without  center  adjustment. 

Adjustable  wheel  centers  desirable 
for  horizontal  drives  and  necessarj 
for  vertical  drives. 

Avoid  vertical  drives. 

^",°^  ^,  ,'*<'®  clearance  for  chain 
(Parallel  to  axis  of  sprockets  and 
measured  from  nominal  width  of 
chain)  equal  to  the  pitch. 

Maximum  linear  velocity  for  com- 
mercial  service  1200  to  1600  feet 
per  minute. 

ITiis  data  for  use  in  preliminary  design;  the 
engineering  features  should  always  be  submitted 
to  tne  Morse  Cham  Company  for  approval  before 
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WESTINQH0U8E  INCANDESCENT  LAMPS. 

Heretofore  carbon  filament  lanspa  have  been 
rated  in  candle  power  at  three  different  waita 
per  candle  efflcienciee,  which  was  illogical  «nd 
confusing,  and  which,  many  times,  resulted  in 
the  improper  use  of  the  lamps.  During  the  past 
year  the  method  of  rating  lamps  has  been 
'111  changed  to  a  total  watts  basis;  that  is,  lamps 

are  now  known  by  their  watts  capacity,  and  are 
marked  with  three  voltages,  known  as  top,  mid- 
die,  and  bottom  voltages. 

Where  the  8.1  w.p.c.  lamp  was  used,  lamps 
whose  top  voltage  is  the  same  as  that  of  the 
line  voltage  should  be  used. 

Where  the  8. 5  w.p.c.  lamp  was  used,  lamps 
whose  middle  voltage  is  the  same  as  that  of  the 
line  voltage  should  be  used. 

Where  the  4.0  w.p.c.  lamp  was  used,  except 
fof  burning  five  in  series  on  street  railway  cir- 
cuits, lamps  whose  bottom  voltage  is  the  same 
as  that  of  the  line  voltage  should  be  used. 

Metallized  filament,  tantalum,  and  tungsten 
lamps  are  similarly  rated  and  labeled,  and  the 
same  general  rules  hold  for  the  relation  of  the 
label  voltage,  top,  middle  and  bottom,  to  the 
line  voltage. 

Westinghouse  incandescent  lamps  are  made 
standard  in  watt  capacities  from  5  to  600  and 
for  nse  in  multiple  circuits  ranging  from  10  to 
275  volts.  For  use  on  circuits  of  higher  volt- 
age, lamps  of  lower  voltage  and  of  the  same 
amperage  can  be  connected  in  series  and  burned 
with  satiefaction,  provided  the  sum  of  the  lamp 
voltages  equals  the  voltages  of  the  circuit. 
When  burned  in  this  manner,  each  lamp  gives 
the  candle  power  for  which  it  was  designed. 

Miniature  lamps  are  made  with  various  bulb 
designs  for  table  and  other  decorations.  They 
are  also  used  in  small  signs. 

The  watts  per  candle  efficiency  of  carbon-fila- 
ment lamps  vary  with  the  voltage,  while  the  life 
varies  inversely  with  voltage.  Within  a  limit 
•f  five  volts  the  changes  are  as  follows: 

1  percent  variation  in  voltage  causes  approzi* 
mately, 

0  percent  direct  variation  in  candle  power. 
S  percent  direct  variation  in  total  watta  con- 
sumed, and 
18  percent  inverse  variation  in  life. 
The  life   of  a  lamp  is  considered  to  be  the 
ntmiber  of  bours  it  burns  until  the  lamp  becomes 
useless  from   breakage,   open   circuiting,   or   any 
other  cause. 
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OAfIMN  LAMPS. 

EquiTalent  ratings   of  earbon*fllament  lamps 
on  tht  new  and  on  the  old  method  of  rating. 

100  to  130  Volta. 


New  Rating 

Old  Rating 

T^bel 

Rating 
Total 
WatU 

Isabel 
Voltage 

C.  P. 

W.P.C. 

Single 

Voltage 

Isabel 

10 
20 

Single 

2 
4 

5. 

4.8 

25 
25 
25 

Top 

Middle 

Bottom 

8 
6 
4 

8.1 
8.7 
4.8 

80 
80 
80 

Top 

Middle 

Bottom 

10 
8 
6 

8.1 
8.6 
4.3 

Three 

Voltage 

Isabel 

50 
60 
60 

Top 

Middle 

Bottom 

18 

8.1 
8.6 
4.2 

60 
60 
60 

Top 

Middle 

Bottom 

20 
16 
123^ 

8.0 
8.5 
4.1 

100 
100 
100 

Top 

Middle 

Bottom 

82 
25 
20 

8.1 
8.6 
4.2 

120 
120 
120 

Top 

Middle 

Bottom 

40 
82 
25 

8.1 
8.6 
4.2 

200  to  275  Voltt. 
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normal:  "*"•»«»    «na   at   an   increase   above 


Actual 


Total      l^bel 
Watts  I  Voltage 


50.0  w.  /Top  V 
48.2  W.  MiadleV." 
46.4  W.  Bottom  V. 


Hffi* 
ciency 


I#ife  at  percentages  ol 
normal  voltage 

iwi       101j<    |l03j< 


proxim'^aSly  "fio'watS'a't  *ton  I'T  ^'^T^^*  "P" 
*t  middle  voltag^  which  i?twn*t'^r;  V®'?  ''*"* 
voIUse  And  AH  A  Jl*:     J^t.^^°  ^°^**  below  top 

below  the  top.  Hrac?  ifTlJL?**  '°"':  !°"* 
»  line  voltage  corrmDon!«n„  ♦"P*  *"  °Pe"»ted  on 
bottom  voltSe  JTS  a  vn?^-«  »?*'  "*i2?^*'  °'' 
.verage  resJifVlhlt  Jvifrth^tobte."''  *'' 

fll«ment"lamrwill  ^fv?-?!*  »  ^<>-''»**  ^•'bon- 
m  at  top  voltlie  and  iRnnT**"  ^^J^^  '•o""' 
torn  voltage;  wS  is  b»?fn.''°"'"ll  "t®  **  *>«*- 
top.  Tho?eCrthe  selectioS  nf7i?,***'°''  *»•« 
«?e  to  meet  the  variation  l«ii-  *^«  J""'?.  ▼<>"- 
portant  if  the  life  of  thJ**!.""*  V"^^"^^  *■  >»"- 
greatly  reduced.  *  *^  ^"P   *"   "o*   *<>   be 

METALLI2ED.FILAMENT  LAMPS. 

fliamen'f  JJSJs'.  «ceS  "^SSf  *«  *he  carbon- 
the  ordinary  *S^iSn.?&n*^*'  "*  "Edition  to 
ments  pass  th?SS  ^^'W^nf  P'??'  *•*«  «!»- 
which  radically  chan«t»,J"*^""'!i"<  processes, 
filament.         ^  *^*  *°®  characteristics  of  the 

effldJnf^like  ^fery  °e^h""*  temp^ture  cc 
illament  has  a  poS  tH^'  }^^  metallized 
like  that  of  mJtai.  it.  ?^T'^*"'*  oo-«fficient 
with  increasing  temperatorp'n*"^  increasing 
in,  proce..es^th."ySSe*SS'  i.^'lnSLrS 
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Hours 
875 
550 
800 


creMi?**   **•   •"'^   <»'   "^''«    ^olti»««   l!<K. 
The  metallized'fllMnnit  laino  !■  r«*Mi  <»  *<^.t 

METALLIZED-FILAMENT  LAMPS. 
40,  50  and  80  Watts. 


Top 
Voltage 

Middle 
Voltage 

Bottom 
Voltage 


I 

fi 


40 

50 
80 

40 
50 
«0 

40 
50 
80 


40. 
50. 
80. 

88.8 
48.5 
77.6 

87.8 
47.3 
75.6 


2.56  19.6 
2.fiO  20  0 
2.46     82.5 


2.71 
2.66 
2.60 

2,89 

2.81 
2.78 


14.2 

i8.a 

29.8 

12.9 
16.6 
26.8 


12.9 
16.6 
26.8 

11.7 
15.1 
24.6 

10.6 
18.7 
22.1 


600 

700 
700 

900 
1000 
3000 

1800 
1500 
1600 


TUNGSTEN  LAMPS. 

1st.  Currant  Consumption.  The  current  re- 
quired  for  producing  equal  candle  iSwer  witt 
tungsten  amps  is  approadmately  oSttSSrd  S 
that    required    by    carbon    lamps,    and    approj^- 

2nd.     Tha  Quality  of  Light    The  light  given 

rotffl;i»nT"T*®"*K*'*'    ?    P°«^"^*    tttnperatura 

as  th<?  tSi;™;*  *''*.  "««t*n«e  increases  rapidly 

aa  the  temperature  Increases.     Therefore  an  ex- 

nw'/SiSS^  Jf*  ''J-W  break  oTjSLSntty 

i'Ku'poTX'^e^Tamir  '^  '^''"^•^'  "*«* 

5th.     The   change   in  candle  power  resuUfnc 

from  a  change  in  voltage  of  the  circuit  is  o^^ 
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or  DinaiUstd'fUammt  lamp.  Th«  ehang*  In  lift 
i«,  however,  approximately  the  lame. 

6th.  The  length  of  life  of  the  tungsten  flla- 
'.f,°'J*jr****'  ^'^  ****  0'  the  carbon  or  met- 
alUaed  filament.  The  tungsten  filament,  being 
pure  metal,  does  not  deteriorate  and  chanse  ^ 
character  as  do  the  other  filaments. 

-11^***'  ^f.  t""pt«n  J«n»P«  "•  made  in  units  of 
sU  capacities  from  26  to  600  watts,  a  given 
amount  of  illumination  can  be  secured  with 
fewer  units  with  resulting  economy  in  installa- 
tion. 

8th.     The   most   radical    improvement   of   the 

SwL'^  »*1  '^**" .  l*'^  development  of  the 
Wire  Type  •  lamp  with  its  one  piece  of  tung- 
sten wire  without  iointa  from  lea(fing-in  wire  to 
leading-in  wire  and  the  Joints  with  the  leading- 
m  wires  protected  by  the  resiliency  of  a  coiled 
■P,P,*f"  .P*  eJectricsl  contact  ia  insured  by 
melting  the  metal  of  the  leading-in  wire  around 
the  free  end  of  the  tungsten  filament. 


WE8TINQH0U8E    "WIRE    TYPE"    TUNGSTEN 
LAMPS. 

Fitted  with  Edison  Bate  and  Labslsd  with  the 
Thres-Voltaoe  Label. 

200  to  250  Volts. 


t' 


1    ' 


Rating 

Total 

Watts 

Label 
Voltage 

W.P.C. 

C.P. 

Hours. 
Life 

Standard 
Package 

500 

160 

100 

60 

45 

Single 
Single 
Single 
Single 
Single 

1.26 
1.25 
1.26 
1.25 
1.33 

435 

125 

80 

48 

84 

1000 
1000 
lOfX) 
1000 
1000 

8 
24 
24 
60 
50 

500 
400 
260 
160 
100 

60 

40 

40S.B. 

26 


100  to  125  Volts. 


Three 
Three 
Three 
Three 
Three 
Three 
Three 
Three 
Three 


1.15 

435 

1.15 

848 

1.15 

217 

1.20 

126 

1.20 

83 

1.20 

60 

1.25 

82 

1.25 

82 

1.33 

19 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 


8 
8 

12 
24 
24 
50 
60 
100 
100 
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57  to  iS  Vtltt. 


60 
40 
25 
20 
15 


Single 
Single 
Single 
Single 
Single 


1.20 
1.20 
1.25 
1.25 
1.38 


42 
hS 
20 
16 
11 


1000 

1000 
10U0 
1000 
1000 


100 
100 
100 
100 
100 


23  to  34  Volts. 


60 
40 
26 
20 
15 
10 


Single 
Single 
Single 
Single 
Single 
Single 


1.20 

42 

1.20 

88 

1.20 

21 

1.20 

17 

1.25 

12 

1.25 

8 

1000 

100 

1000 

100 

1000 

100 

1000 

100 

1000 

100 

1000 

100 

COMPARISON  OF  LIGHT  GIVEN  FOR  SAME 
COST  PER  1000  HOURS— 100.V\4ATT 
TUNGSTEN  AND  lOO-WATT  CARBON 
^'^f^PS;  AND  SAVING  FOR  EQUAL  LIGHT. 


Candle  Power. 

Average  cost  of  lampa 
Average  life  of  lamps.. 
Renewal  cost  per  lOU) 

hours^ 

Tower  consumed  per "iob 

hours  k.  w.  h... 

Cost  of  Power  at  Sets... 
Cost  of  Power  at  10  cts... 
Cost  of  renewals  and 

power  at  ft  eta.. 

Cost  of  renewals  and 

power  at  10  cts 

Comparison  of  ligbt  for 

same  cost. 

^  saving  for/  5  cts..... 

equal  Dghtt  10  cts. 


nuntan 

MOO 

watt 

1.20 

w.  p.  c 


88.8 

1.04 
1000 

1.04 

100. 

5.00 

10.00 

6.04 

1L04 

100^ 
55 
57 


Carbon 
MOO 
watt 
2.97 

w.  p.  c 


88.6 
.24 
600 

.40 

100. 

5.00 

10.00 

fi.40 

10.40 

42.8 )( 


Carbon 
2.48.100 

watt 

2.97 
w.  p.  c. 


88.8 
.505 
600 

.9917 

248. 
12.10 
24.80 

18.89 

25.79 

42.8 
0.0 
0.0 


n.  ^i  JSl**f  *,°  average  saving  of  56  percent 
!  :  the  cost  for  lamp  renewals  and  power  in  ad- 
;  i.on  to  which  there  is  a  saving  elfectS  iS  the 
''  o,fwr*T>5  ^y  the.  reduction  of  the  number 
^  outlets,  the  quantity  of  material,  and  the 
I'    Ltetion  of  the  load.  -^    -  «    m.c 
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CALCUWTINO  OMMAL  lUUMINATIO 

^     R«dto".°!  »""«•  ca,3V«  "^rkc.  w. 

Theaters. 

Churches.    .'.••• 
General  Store.    .'    *    * 

Clothing-,  f*  •  •  • 
Drafting  and  Vn^'vj  • 
Window  ligMingf.^-^^^^^  2  50       - 

JiphTwX^-iriTeVhVd  ^  »'3;  1 2rfeet.  w.t 
illumination.  Refwinltn '**♦«?  «o<xi  '«»din, 
candles  are  retmitl!?  V  *°  table,  two  #«!!♦ 
0.40;   area!  70*  &  bv  ??«*?*  '°'  "S*  JJllJ 

«  twelve  units  (thre»  r«-f^"*J*>  ^-^OO  candles 
been  decided  upin  fsftn^!.**'/.  '""^  «««^h)  hi^^f. 
280  candles  Per'tn'it^'r'S^JS^^d  by  12  Vull 

tu/^S/n'li^^^^^^^^^^^  C48-C.P.) 

I-mp^  wS';?rcr„dTeS;if  "^*^  r^  •fflcJency  Of 
consumed.     If  tun «?««  '?*''*' ^  ^'''^  total  ^tta 

enelj;  1°"?^ Jf  ^^e  conjpare.  energy  u.ed  and' 
to  produce  sam^i  "ciSSiep^wS?*  '"«'*^  «»'^«S 


2.0 
2.0 
8.6 
8.5 
8.5 
4.0 
5.5 
7.0 
10.0 


Dark 

0.60 

0.50 

0.80 

0.80 

0.90 

0.96 

1.30 

1.70 

2.50 


Lie 
0.4 
0.4 
0.7 
0.7 
0.7 
0.8 
l.li 
1.41 


Lamp. 

|;39w.j.c.  carbon 
2.97 


<( 


<< 


2.60  lletalllTOd 
1.97  Tantalum 
1.20  Tungsten 


*  Energy 
Used. 


288 
266 
248 
208 
164 
100 


J<  Eneigy 
flared. 


0.0 
6.1 
12.8 
26.2 
41.8 
64.6 


J'red  for  a 
W'w,  where 
'  feet,  and 
■ying  table 
'.  the  con- 
'   walla   in 
ibution  of 
,  however, 
■  location. 

Wall< 

Light 

0.40 

0.40 

0.70 

0.70 

0.70 

0.80 

1.10 

1.40 


Charaotar  of  Syatam. 

tro^'euffi?  t;^?'atJJv*'e%'''^y-'"'°-n  •!«». 

he  Pennsylvania  RaiirS^n^f!""'^*:'^   "wd  Vn 

the  Union  Switch  4  s?"n.io^  »n«nufactured  by 

tain    modiflcationa    and    imL^f "'P"^''  «lth  cer- 

Improvtmanta. 

of 'JeXirorrrth^inTu??'^  •  *'«»»«  de^- 

parts  of  the  svVm  J  *"^**'°"  «'  the  va^u! 
their  aurroCSdiJJ  "T  widTr  T^  Z"'^^'  "d  frJm 
In  machine  contachi  •  oIh  '"■'^^"  o'  "eparatJon 
security  in  methoH-  '  „♦  "*^  *  »'"P*ter  d«ree  of 
oontrolLg  cSf/iSi'aS'd  ISri^V"**  ^^°« 

con?o?  oHB'^J?  S:"-   for   obtaining  poaiti,. 
ffovem;    the    automatic  ^5«!    ?^*^  ^^^^    theV 

trains  immediate!?  th?  rpTi*''^"  *"  t^'e  rear  of 
c'ear  of  the  fouling  nolnt  n#  ♦£'  ?  *'*^n  ?■«»« 
the  swltdi,  ^  ^'°*  °'  the  track  Including 

.  Thejr,  further,  fnvolvp  m^i..  « 
indicationa  to  the  SXSr^o'f  'Sl  «^*^'«  ^*««I 
tram  in  phyaically  KinI  **'  *"'ery  act  of  a 
levera  controlling  Switch  .^h'"?  «'«•■«»«  the 
raeang  for  permitting  th^  ?^^.  '*fi™*J  operition- 
for  traffic  ?S'^i2S^Se%t^S;\X±*"^*"ka 

rt^Hf"  t"^  co-action  of  towSmp^  irS^  adjacent 
ditions;    the   automatic.  o^Jf"'  ""*'  *rack  con- 

m  their  approac"  to  th^""?^!^?'* ,°'  *^*^»« 
through  the  various  tuSnela  .nrt'^"'!i^,  "^-^on 
of  their  movements  from  bf Jl  l«*ll  delineation 
the  tunnels  by  meanf  ^t  ■}P  ^^^^^  throogh 
tower  adjacent  to  ^^1^1^***°"    1°    ««ch 

mcSVtXri*e?m'aXr5H^r  '»«'^»-^ 
n*'?i*"^'™'n  the^bSlmJf  Ik"  V^»«tioi 
«udd  4  Rhea  .y-teTK^^^Ji-'j  of^he 


r^ 


Li 


T'      ^!Pl*""f    "**^    »    reeognkcrl    future    of 

The  substituted  form  of  sicnal    tberpfnr*    i,-^ 

f-^ly    receptacles    carryin^colored  'lenses    be 
Jici'T^',*''*  "«  located   standard   4    c  p    fncan-' 
unA^^^u     If^Pl  ^?    '"   multiple   for   eich   fensi 
?hl,cil     "mechanism"  consists  of  simple  relavl 
(housed    in   separate    shelters   near   the   sijffi 
the  contacts  of  which  were  adapted  fn  J,^?^u 

Ir  A^l  ^  ajsplaved  as  the  relays  are  eneririzfd 
fevetT^br'^the^  "janipulation'of  the'mafhiSe 

cireit.  or  iL  £>*»."*^*'°"    °'    *™*"«   upon   track 
circuits  or  by  both  as  m  many  cases  called  for 
As  before  implied,   some  of  the  signals  of  fhi 
terminal    interlockintrs    are    looted    of.t    i„    Ml 
open  where  full  daylight  cond!iuiM  prevail? 

Because   of  the  difficulty   of  obtaininir  •tnnia 

fnalctlon     throurtout     the     fomevJh.t     limlflj 
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Blicwhtrt,  eutildt  of  fht  tcnnl>ii«l  and  tun- 
neli,  this  form  of  ■lgn*l  would  not  prove  Mtis* 
factory  because  of  the  higher  apeeds  and  longer 
I  ranges  of  observation  Involved,  and  this  fact — 
coupled  with  the  abundance  of  room  there  for 
standard  signal  construction — ^prompted  the  use 
of  the  semaphore  type  for  the  automatic  signals 
across  the  Meadows  and  for  the  Sunnyside,  Har- 
rison and  Hackensack  Draw  Interlockings. 

The  rails  of  the  tracks  throughout  the  system 
are  naturally  included  in  the  return  circuit  of 
the  propulsion  system,  and  this  fact  compelled 
the  use  of  track  circuits  that  would  be  immune 
from  faulty  operation  due  to  the  influence  of  the 
power  current  within  these  rails. 

Because  of  the  Impracticability  of  obtaining 
close  definition  between  the  limits  of  the  great 
number  of  short  track  sections  that  are  required 
withio  the  tracks  of  the  various  interlockings 
by  surrendering  all  of  the  rails  of  all  of  the 
tracks  of  the  system  to  the  return  power  sys- 
iom,  and  because  the  vast  capacity  of  these 
rails  within  the  interlocked  territory  permits  an 
entirely  ample  return  capacity  when  half  of  the 
total  rail  conductively  is  eliminated,  but  ont 
rail  of  each  track  throughout  the  various  inter- 
lockings  .is  included  within  the  power  return 
system — the  other  rail  being  excluded  for  sub- 
division, by  rail  insulations,  into  the  "live" 
rails  of  the  track  circuits  and  energized  each 
by  a  lead  from  transformers  located  at  a  con- 
venient proximity,  the  other  terminals  of  these 
transformers  being  connected  with  the  rails  that 
constitute  the  common  return  for  both  the  pro- 
pulsion current  and  that  of  the  various  track 
circuits. 

At  the  opposite  end  of  each  track  circuit  so 
formed,  the  terminals  of  a  special  A.  C.  relay 
are  connected  so  that,  while  responding  to  the 
current  that  reaches  it  from  the  transformer 
through  the  rails  when  the  track  is  unoccupied 
It  can  only  be  deprived  of  operating  energy  by 
either  the  presence  of  a  train  upon  the  two  rails 
supplying  its  energy  or  by  an  abnormal  flow  of 
direct  current  through  it  from  the  power  circuits 
in  tBe  event  of  derangement  occurring  which 
v.ould  cause  such  a  flow. 

^u'^S.*  °"«'"fl  twck  circulta  are  adapted, 
through  various  intermediate  circuits  at^  in- 
struments,  to   the  automatic  control  of  signals 

f,?.?  ^^^l  1^^"  i*J'.u*"'*n*  '^^thin  the  interTock- 
'"»•  9"t«We  of  the  interlocked  territory  a 
th^*^n**  different  situation  is  presented.  Here 
the  full  canadty  of  all  rails  is  of  value  to  the 
economy   of  the   prc^uUion   syatem   and  means 
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•*•  «TiM>»fore  introduced  tdthin  the  rail  elf 
St.  ^or  controUhi?  the  automatic  block  syH- 
t?m  br^hich  this  lull  capacity  is  almost  fully 
realized. 

if  th*  tirminal  of  each  track  circuit    (each 

S^n-  nrvlls  of  extremely  low  ohmic  resistance,  yet 
S^WrtcaiSiS?  Opacity,  that  the  direct  current 
Sf  thf  p5§JSsi5n  retum'^ls  not  materia  ly  affect- 
?d      This   current    traveling   in    opposite   direc- 
Jions    in   separate   windings    around    a   wmmon 
core  of  the  Lnd  produces  no  magnetising  effect 
Snon  the  iron  cor?  of  the  bond  when  the  volume 
SFSirrent  through  each  rail  is  alike,  as  Is  nor- 
maSrthe  case.     The  alternating  current  of  the 
trflck  Circuit,  however,  in  its  attempt  to  flow, 
iot  frorn^d  to  end     through  the  bond)  of  ad- 
jacent roils  as  does  the  propulsion  cu"«»t.  ,b«t 
from  thfc  >nd  of  one  rail  through  the  bond  to 
the  end  of  fhe  rail  paralleling  it  and  forming 
thi  other  leg  of  the  track  circuit,  passes  around 
thi   iron   core   through  windings   that   unite   to 
maimetSe  the  iron  core.     Because  of  this  fact 
TnTthe  loirresistance  of  the  inagnetic  circu  t 
of  the  core  a  high  degree  of  reactance  is  devel- 
oped  wh?ch  so  retards  the  current  flow   as  to 
Smit  the  maintenance  of  «  moderate  diflerenc 
Sf  A.  0.  e.m.f  between  the  «ndi  of  the  paralle 
rails. 

Each  track  circuit  has  thua  at  each  «d  i 
»,.eans  for  sustaining  an  A.  C  potential  differ 
Jice  between  it.  two  rail,  by  mean,  immune  t. 
influence  by  direct  current. 
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THE    KEYSTONE    INSULATED    RAIL-JOINT. 

The  special  feature  of  this  joint  is  the  meUl 
filler  under  the  rail  head,  which  increwes  the 
„ia  of  insulating  material.  Thus  dtoi^nighlng 
the  pressure  per  unit  of  area  of  ina"]***®"* 
makes  it  possible  to  set  the  bolts  tighter.  In- 
suring, with  the  arrangement  wd  sectioning  of 
th«  riUed-Bteel  filler   and  angle   bars,   a  more 


rigid  and  permanent  Joint,  serare  »8*1mJ  rer- 

tiLl  or  horizontal  play.  Th*  t»TefHl°*Lf?i„  ^ 
through  bolt-holes  at  insulated  jom*'  often  oc- 
curs where  vertical  relative  movement  between 
the  rails  is  permitted.  The  Keystone  consferoc- 
tion  avoids  tVis  and  all  other  movement  which 
tends  to  abrade  or  wear  the  insulation,  preaent- 
taS  a  firm,  tight.  mechanically-conUnuon.  Joint 
of  high  electrical  insulation. 


i>.m^^aMMtarUnwQuwtM€rS»iAf*to^t. 


THE  UNION  SWITCH  AND  SIGNAL  CO. 
CurvM  for  Eieotrlo  Signal  Appllanoet. 
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Pneumatlo  Swit'oh  Valvt  and  Signal  Magnet. 
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WESTINGHOUSE  NERNST  LAMPS. 


Tlie  new  Westing^howe  Nernst  lamps  In  both 
aingle-glowcr  and  multiple-glower  types  are 
characterized  by  marked  mechanical  improve- 
ments, making  them  simpler,  more  durable,  and 
cai^ier  and  cheaper  to  maintain,  while  their 
natural  downward  diffusion  of  light  avoids  the 
necessity  of  reflecting  glassware.  The  glowers 
are  improved  in  both  mechanical  construction 
and  in  composition,  greatly  increasing  their 
efficiency.  Fig.  1  shows  114.8  to  be  the  mean 
lower  hemispherical  candle-power  of  a  182-watt 
lamp  equipped  with  clear  glassware,  represent- 
ing an  efliciency  of  1.2  watts  per  candle-power, 
or  a  gain  in  efficiency  of  41%%  over  the  old 
form  of  lamp.  Fig.  2  gives  the  light  distribu- 
ticn  from  a  four-glower  230-volt  lamp  consum- 
incr  552  watts,  equipped  with  dome  shade  and 
hecter  case.  Its  mean  lower  hemispherical 
candle-power  is  516,  giving  an  efficiency  of  1.07 
watts  per  candle-power.  It  will  be  noted  that 
this  unit  is  the  larpest  incandescent  unit  on  the 
market  and  also  delivers  the  most  light  for  the 
energy  consumed.  Its  distribution  is  ideal,  es- 
peciaUy  for  large  interiors  with  high  ceilings. 


Fig.  1. 


Fig.  2. 


Light  Distribution  Curves  of  Sinole^lowtr  antf 

Ifwltlple-Glower  Wettlnohoute 

Nernti  Lftmps. 

The  value  of  a  lighting  system  does  not  de- 
pend upon  its  efficiency  alone.  All  other  factors 
being  equal,  a  system  having  a  lower  efficiency 
may  have  its  increased  current  lost  more  than 
ffset  by  its  lower  cost  of  maintenance.  The 
Westinghouse  Nernst  system  is  unique,  however, 
in  combining  the  highest  efficiency  with  the 
lowest  maintenance  cost.  This  lotr  maintenance 
cost  is  accompiiahed  through  tLe  ahnpler  and 
Eio.-e  rugged  construction,  without  the  aid  t>f  re- 
flecting glassware  and  by  ita  aiinple  and  iiiei- 


i 


SS;  J^er'lnuJnlnJ Vglower  and  heater, 
ffita  canbe  replaced  by  anyone.  This  feature 
SSes^t  suitable  for  domestic  as  well  as  com- 
mercial  use.  ,.  .  _.t,u 

The  multiple-Rlower  units  »e  PWvWe^^S 

&"VenSSS  IS?  e^Sllie!^«*^d3 

to?o  pUcrwtthout  in  any   manner  interfering 
with  the  glower. 


|V      I 


i 


\' 


Multiple  Glower  Screw  Brarner 

Westinghouse  Nemst      'of.  Single   Glower 
Lamp.  Westinghouse  Nemst 

Lanv* 

WMtlnohousa  Nsmtt  Chandsllara. 

Westinghouse  Sernst  ^^*nd( 
liers  are  constructed  with  tn 
mechanism  of  the  lamp  conceal* 
within  the  otnamental  item,  lea 
ing  only  the  small  screw-bai 
bumeiv  at  the  end  of  ti»e  arm 
The  Nemst  bum«,  ranging  fro 
110  to  182  watts,  occupiwi  le 
space  than  an  ordinary  lo-c. 
carbon-filament  lamp.  The  si 
light    660-watt    chandelier    gi' 

the  greatest  amount  ©'  *ll"J"!i? 
tion  for  a  »ingle_Qutlet.  of  a 

incandcKsent  M*«ri-T2^  ?r«A 
wattage  limit  fixed  bjr  the  Und 

^  wStingbouae  Nemst  Chanj 
Hers  are  made  in  three  artis 
designs:  Benaissancc,  Art  «< 
vnu  and  Composite. 
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Westinghouse 

Nemst 

Chandelier. 

Art  Nowveau 

Design. 


COOPER  HEWITT  LAMPS 

Dirtot  and  Altarnatlng  Currant 

The  Cooper  Hewitt  lamp  is  a  distinct  type  ol 
electric  lighting  unit,   ditfering  Irpm  othera  to 
principle,    construction,    "d    quality    of    raw 
emitt^.     Ita  principle  is  distinctive  to  thatit 
depends  for   ita  luminosity   on  an  wc»»»a«««S*" 
vapor.     In    construction    it    differs    from    othw 
types   in  having  an  exhauated   glass  tube,   one 
inch   in   diameter   and   from    21   to   60    inchee 
long,   which  becomee  the  visible  l«n»tao»»  *^ 
face:  on  account  of  the  great  area  of  thia  but- 
face  the  intrinsic  briUancy   (glare)  of  the  lamp 
is  much  lower  than  that  of  any  other  oomfw^ 
cial   light-source.     The  ^wUty  of   ti»e^«W  *» 
different,  as  it  is  of  a  bjmsh-green  tone  and  no 
red  rays  are   emitted.     Of  course,  the  lamp  is 
not  suitable  for  use  where  color  values  must  be 

"^Vhe  peculiar  qualities  of  its  rays  give  to  tte 
Cooper  Hewitt  lamp  two  venr  "nport*"*  .^J* 
vantages:  First,  it  enables  the  eye  todistin- 
ftiiish  line  detail  to  a  remarkable  degree;  to 
other  words,  it  increases  acuity  of  ▼wjoj-to  im 
extent  estimated  as  equal  to  *  ™»«[«"°^^ 
of  at  least  two  diameters;  second,  the  absence 
of  red  rays  reduces  eyestrain  and  »««••. Vy 
materially.  The  Cooper  Hewitt  l»n»P  i".  ,«"•; 
fore,  especUlly  suitoble  for  the  illuminatioa  of 

machine  shops,  textile  mi"'.^  P'f*o*i'S»  <2?2i; 
draughting  rooms,  and  all  other  P|*c««.  .^«* 
close  eye-work  must  be  done.  The  1*?^  haa,  irt- 
other  advantage  in  that  it  renders  objects  mofre 
easily  seen  in  shadow;  for  this  reason  n  w 
used  very  sucessfully  in  large  e««cting  worta, 
heavy  machine  shops,  and  wherever  woifk  must 
be  done  by  general  illumination.  .u«ia--* 

The  Cooper  Hewitt  lamp  is  the  most  «■«"* 
of    the   various   forms   of    electric   lamps.     Vm- 
thermore,  its  cost  of  maintenance  ia  only  about 
half  that  of  any  other  source. 
Cooper  Hewitt  efficiency     .6     watts  p«r  candle. 

Tungsten "         1.26        ,^        „       ^ 

Enclosed-arc...         "         |.0         

Incandescent. . .  ••»» 

Cooper   Hewitt   Ump   Unlta— Direct  Current. 


Type. 

Average 
Watts. 

Length 
of  tuibes 
(inches). 

Average 
Candle 
Power. 

Watts 

per 
candle. 

H 

Duuble  H-. 

K..: 

P 

192 
886 
885 
885 

21* 
2-21*  ea. 
45* 
60* 

$00 
600 
700 
800 

Altomatino  Currant. 


400 


50" 


800 


.50 


Power  Factor,  61%  tor  lines  of  40.  60  or  00 
cyolM  and  voltages  between  100  and  600. 

llie  liamp  Tube  is  a  sealed  glasB  vessel  ex- 
hausted to  a  high  degree  of  vacuum,  and  is 
useful    as   long   as   the   vacuum   remains   unim- 

Sired.  The  only  cost  of  maintenance  in  light- 
S  bj  Cooper  Hewitt  Lamp*  is  lor  tube  renew* 
als.  As  the  life  of  the  tubes  averages  several 
thousand  hours,  the  maintenance  cost  is  very 
low. 

AVERAGE  HOURS  LIFE  OF  TUBES  IN  THE 
FIVE  CIRCUITS. 

The  following  figures'  are  taken  from  an  in- 
stallation of  forty  (Type  H)  lamps  designed  to 
be  operated  either  two  in  series  on  110  volts, 
four  in  serias  on  220  voltt,  or  8 '  in  series  on 
650  volts.  This  installation  in  a  power  station 
of  a  large  traction  company,  operates  lamps  in 
series  on  500  volts  direct  current  taking  8^ 
amperes  for  each  circuit.  The  lamps  burn 
practically  24  hours  per  day. 


TUBBS.      Ho.l 

Total  renewal     14 
Av.  hrs.  of  or- 

i«iaal U208 

At.  hrs.  of 

present.......    «!282 

Av.   hrs.  of 

burned  out.    M89 
Av.  hrs.  of  all.   7491 


No.  2    170.8  No.  4  No.  5 

18  14  16  17 

10822     8666  11882  11196 

8279    11479  7106       9860 


7806 
7987 


6719 

7845 


7516 
7879 


6488 
7484 


SUMMARY. 

Av.   of   40   Original  Tubes..    10657  hours. 

Minimum    664      " 

Maximum 28721      '* 

Of  the  original  tubes  the  following  are  still  in 

use: 

Two  iised  28721  hours. 
One     "      22088 
Two     ••      20601 
I  Three "      18414       " 

i  Maintananoa.     Cost  of  renewals,  1*20  of  Ic  per 
a      lamp  per  hour.  .    . 

I  Installation.     8.76  K.  W. 

I  Candle  Powar.    Total,  12,000  candles. 
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•ONE  TYPICAL  INSTALLATIONS  OF 
COOPER  HEWITT   LAMPS. 

MlMtllMtOUS. 

American-LaPranec    Fire    Bngtae    Co., 
BiiDirftf  Pi*   ^•••••••••••••m»*»»* 

American  Sheet  k  Tin  PUt«  Co.  (ler- 

enl   plants) S4  K.    112  H 

Boaton  El'v'd  Co.,  Boston,  Mass 

Cutler-Hanimer  Mfc.  Co.,  lfilw'k.,Wia.     104     K 
Gov.  Ptff.  Office,  Wash'<::t'n,  D.  C...   1614     H 

Nathan  Mfg.  Co.,  Ne     York 180     H 

Otia  Elevator  Co.  (8  Planta) 

Stehli  k  Co.   (8  Plants) 

8.  Slater  k  Sons,  Webster,  Mass.... 

Automobile  Faetorlet. 

American  Motor  Co.,  Indian«poIls.  Ind. 
Excelsior  Supply  Co.,  Chicago,  111 ... . 

The  Oarf ord  Co.,  Elyria,  O 

Mitchell  Motor  Car  Co.,  Racine,  Wis. 
Geo.  H.  Pierce  Co.,  Buffalo,  N.  T. . . . 

Cotton  Mllla. 

Brighton  Mills,  Passaic,  N.  J....82P 

Ipswich   Mills,   Ipswich,   Mass 

Pacific  Mills,  Lawrence,  Mass 

Taylorsville  Cotton  Mills,  Taylorsrille, 
N.   C 

Drafllno  Rooms. 

Armour  Institute,  Chicsago,  III ....  1  K 
Cambria  Steel  Co.,  Johnstown,  Pa. . . 
Link  Belt  Mach.  Co..  Chicago,  111. . . . 
National  Tube  Co.,  McKeesport,  Pa . . 
Standard  Steel  Car  Co.,  Butler,  Pa. . . 

Foundries. 

Bettendorf  Axle  Co.,  Bettendorf,  la.. 

Buckeye  Steel  Castii^s  Co.,  Colum- 
bus, Ohio 

The  Faulk  Co.,  Milwaukee,  Wis 

McOonway-Torley  Mfg.  Co.,  Pittsburg, 
Pa 

Tiffin  Mall.  Iron  k  Chain  Co.,  Tiffln, 
Ohio   

Machine  Shops. 

Chicago  R'way  Sup.  Co.,  Oh'go,  U..       70 
DeLaval  Separator  Co.,   Poughkeepsie, 

N    Y 

Latrobe  Steel  Co^  Latrobe,  Pa.84HH 
J.  L.  Mott  Co.,  "nentim,  N.  J. .  .64  K 

ORIoM. 

American  Tobacco  Co.,  New  York. . . 
C,  R.  L  Is  P.  B.  B.,  St  Louis,  Mo.l2K 
United  Cigar  Stores  Co.,  New  Ymrk. . 
Wella,  Fargo  k  Co.  Express,  N.  Y. . . . 


PWHp  Carey  Mfg.  Co.,  Clnclnnttl,  0.  ft  ■ 
Intern«tlon.l  P«p«r  Co.,  Fort  Edward. 

w,   1. , iia  tt 

Warren  Mfg.  Co.,  Mllford,  N.  J /,,,,,  44  g 

Printino  Plant*. 

Botton  Herald  Co.,  Boiton,  Maaa 66    H 

Con.  P.  Current  Print  Co.,  St.  Loula,  » 

Chicafi*T«buM,Chli!afoV  hi  .*.'!.'*.;;       54    I 
dT'c  '''  *  ^*'  WMhlngton, 

N.  Y.  w«id:N.*vv;:::::::::i66T  sis  S 

Railrotda. 

orove,   Ind lao  p  ia  u 

gHnoi.  Central  R.  R.,  Chicago,  111.'.:  K  g. 

w  v    S'J^.?-  ^  ^'  Albany.  N.  Y..  186  F 

Wabarii  RaUway,  Pitt«burg,^W. ....  iJo  H 

8lik  Mills. 

Kaltenbaeh  A  Stephena  (Ribbon  Wear- 

„  tag).  Allentown,  Pa lot     H 

Singleton  SUk  Iffg.  Co.,  Dover,  N.  J.       98    H 

Silk  Throwttara. 

K.  s  H.  Siiiioii«  Eaaton,  Pa 50    ■ 

Traction  Companltc. 

Indiana    Union    TVactlon    Co.,    Andw 
■on,  Ind tm     w 

Lnited  Traction  Co.,  Albany.. . .10 K      16    3 

Warehouaea. 

Montgomery,  Ward  ft  Co.,  Chicago..  800  H 

Sprague-Warner   Co,   Chiolgo,   mT  lOS  H 

U.  8.  Appraiacr'a  Store,  N.  t 170  R 

Wire  Manufaoturcra. 
Am.  Steel  k  Wire  Co.   (6  Plants)... 

Joto*!'   iU)biiii"soMCo.;*TV«to?,       "     * 
^'  ^ OK     846     ■ 

Woolan  Mill*. 

S..  Slater  k  Sona,  Webster,  Mass 468     K  ' 

^\arrenton     Woolen     Co.,    T^rriMton. 

Conn fa  W      ma     n 

Cera  Mill..  PaMaic.  N.  J.;;;;;".        JJ     g 


STATISTICS  OF  CITIES  IN  U.  8. 


gS  I  AMtued 
I  ^  |VahMtion  oi 

III 


All  Taxable 
Property 


Albany,  N.  Y 

Atlanta,  Ga. 

Baltimore,  Mo....... 

Bingli^ntpton,  N.  Y.. 

Bottc      M.i»«. 

Bridatport.  Ct....... 

Brooklyn  Boro,,  N.Y, 

UuBilo.  N.  Y 

Cambridge,  Mast. ... 
Camden,  N.  J....... 

Charleston,  S.  C 

Chatunoon.  Tenn. . 

Chkaso.  111. 

Cincinnati,  O 

Cleveland.  O 

Cohoes,  N.  Y 

Columbui,  O.... .... 

Council  BlulU,  Iowa. 

Covington,  Ky 

Dallas,  Te*. 

Davenport,  low* 

Dayton,  O. 

Denver,  CoL 

D;b  Moines,  Io«(»u... 

E>etroit.  Mich 

Dubuque.  Iowa 

Duluth.  Minn.. 

EUcabeth.  N.  J 

Elmira.  N.  Y 

Erie,  Pa...... 

FallRHrer.  Mat*..... 

Fort  Wayne.   Ind.... 

Galveston,  Tex....... 

Grand  Rapids.  Mich, 

Harrlsburg.  Pa- 

Hartford,  Ct 

Haverhill,  Mass. 

Hoboken,  N.  J 

Holyoke,  Mass. 

Houston.  Tex. ....... 

Indianapolis,  Ind 

iacksonviRe,  Fla. . . . . 
erseyCity.  N.  J..... 
Calaraazoo,  Mich.... 

Kansas  City.  Mo 

Lawrence,  Mass 

Little  Rock,  Ark..... 
Los  Angeles.  Cal.... 

Louisville,  Ky 

Lowell,  Mats 

Lynn,   Mass........ 

Manchester,  N.  H... 
Memphis,  Tenn..... 

Milwaukee,  Wis..... 

Minneapolis,  Minn.. 

Mobile,  Alt 

Nashville,  Tenn..... 

Newark.  N.  J...... • 

New  Bedford,  Matt. 


IIX 
26 

3lX 
10 

*2H 
13.4 
77% 
43 

9 

iH 

190V 

45 
8 

8 

59V 

40 
11 

*^ 


7  2-3 
41 

%l 
\7K 

vU. 

32 

& 

16 
31 
9X 
1^2 
8  1-6 
62 
7 

10)< 
90 
21 
14 

y^ 

16 

53S 
IS 
17  2-5 
23 
19K 


100,000 
ISO. 000 
650,000 
48,000 
639,478 
100.000 
1,589, 2S0 
41S.S:U 
100,000 
100.000 
64,000 
65,000 
2.610.681 
460,000 
550.000 
25.000 
200.000 
35,000 
68.000 
100,000 
50,000 
140,000 
225.000 
lOO.OCO 
450.000 
50.000 
90,000 
70.000 
50.000 
68,000 
120,000 
65.000 
40,000 
110,000 
80,000 
105,000 
45,000 
75,000 
56.000 
100,000 
239,500 
65.000 
251.000 
45,000 
375.000 
85,000 
60,000 
325,000 
290.000 
110.000 
85.000 
70,000 
200,000 
375,000 
310,000 
70,000 
140.000 
350.000 
100.000 


•St* 


183.438.325 

101,000,000 

624,482.590 

32,1^0,115 

1,343.041,627 

79.211.3^'.' 

1,439,142.030 

307,300,555 

106,958,135 

51,835,861 

18,960,821 

23,984,000 

477.190,399 

250.283.550 

256,719,375 

ll,5<'5,036 

87,307,905 

17,179,220 

26,534,138 

62,288,730 

23,281.855 

58,612,090 

132.000,000 

20.000,000 

359,819,910 

25.633.110 

37,283,400 

52,065,175 

20,215,776 

23,565.525 

•8,279.138 

30.900,000 

25. '34.412 

83,528,700 

42,400,339 

106.574.623 

30,991.640 

61,807,501 

47,000,000 

60.268,660 

176,665.190 

3$.967,120 

235.617,539 

20,562,430 

135,580,492 

59.000,000 

20,274,540 

276,751.517 

165.000.000 

75.445.738 

70,076,492 

38,102,944 

85,000.000 

232,227,790 

175,912.389 

^-8,935. 307 

70.645,425 

327.926,  (BO 

77,79f,«8l 


90 

60 
100 

100 
100 

90 
100 
100 
100 

50 

48 

33 

60 

35 
100 

66K 

80 

75 

33X 

SO 


60 

25 

100 

80 

33H 

100 

80 

60 
100 

75 

50 
100 

60 

75 
100 
100 
100 

SO 


f^ 


50 

100 

100 
50 

100 
SO 
50 
80 

100 
80 
70 
60 
SO 
53 
30 
80 
100 
80 


^1 


fl.94 
1.2s 
3.16 
2.35 
1.65 
1.58 
1.74 
1.89 
2  10 
2.00 
2.88 
1.65 
7.66 
3.11 
3.37 
.70 
3.21 
2.25 
1.75 
1.80 
3.40 
2.96 
3.50 
3.74 
1.81 
1  30 
3.81 
1.60 
2.56 
2.55 
1.89 
1.10 
1.88 
1.94 
.95 
ISO 
1.86 
1.72 
1.70 
1.70 
1.82 
1.50 
1.88 


1.27 

2.70 
1.47 
1.75 
1.94 
2.00 
2.05 
1.76 
2.56 
2.65 
2.35 
1.50 
1.91 
1.90 


STATISTICS  OF  CITIES  IN  U.  S. 

(COIfTIlftrBD) 


ClTIIS. 


New  Bratinrick.  N.J, 

New  Haven,  Ct , 

New  Orlaans,  L4..., 

Newport,  R.  I 

NewtoB,  Mali 

New  York  City. 

Omaha,  Neb. 

t'aterson,  N.  J  

I'coria,  in 

Philadelphia.   Pa..... 

I'itttbufvh,   Pa. 

Portland.  Me. 

HonUnd.  Oi« 

i'oughkeepaie.  N.  Y, 

Providence,  R.  1.... 

Uuincy,  III 

Kcadlnff.  Pa. 

Richmond,  Va 

Rochester,  N.  Y.... 

Sacramento,  Cal 

Sag^ioaw,  Mich 

San  AntoakkTex... 

San  Diego,  CaL 

San  Franctooo,  Cal.. 

Savannah.  Gn 

Schenectadjr,  N.  Y... 

Scranton.  Fa 

SeitUe.  Waah 

•Sioux  City,  Iowa. . . . , 
Soraervilkt,  Maia. . . . , 

Springfleld.  Ill 

Salt  Lake  City,  Utah. 
Springfield,  Masa.... 

'ipringfield,  O 

St.  Joaeph,  Ma 

St.  Louia,  Ma 

St.  Paul.  Mian. 

Svracuie,  N.  Y. 

Taconui,  Wash....... 

niuntoa.  Maaa 

jledo,  O 

opeka,  Kaa 

ronton.  M.J 

roy,  N.  Y. 

tica,  N.  Y 

Washington,  D.  C. . . 
i''illiani»poft.  Pa..... 

J.ilmingloo,  Del 

'Worcester,  Maas 

"ikera,  N.  Y. 


1  "* 


47 
45 


29,000 
140.000 
375.000 
25,400 
40.000 
4.730^.150 
155,000 
1.^,000 
71,000 
1.545,800 
580,000 
62,000 
275.000 
29.000 
215.000 
40,000 
100,000 
116,000 
210,000 
55.000 
62.000 
125,000 
'50,000 
500,000 
80^000 
75,000 
150,193 
290,000 
65,000 
77,000 
70,000 
100,000 
85,000 
60,000 
130,000 
750,000 
235,000 
133.000 
120,000 
31,000 
200,000 
50,000 
100,000 
76.00U 
75.000 
345,000 
40,000 
95,000 
144,470 
80,000 


Aaaeiaad 

Valuation  of 

aUTaaabia 

Property. 


Sn.SM.ose 

119. 50.'.  508 
226.581,9.'2 
50.042,000 
70.796,890 
7.250,500,550 
27,571,271 
95.243.359 
11,175,445 
1,358,675.057 
709,905.718 
58,453,415 
240,000.000 
14,772,000 
240,618,600 
10,102.124 
52,030,950 
lOe.191,449 
154,0T5.6'/S 
30,400,000 
25,210,038 
70,000,000 
35.021,325 
493,288,889 
47,542,8127 
46,851.735 
72,509,180 
185,317,470 
8.743,128 
63.658.953 
10,000,000 
52,194.220 
107,875,780 
22.500,000 
40,000,000 
533,456,571 
104,775,800 
101,255.493 
53,925,693 
22,699,904 
79.S14.200 
45.000,000 


66.656,728100 


55,981,974 
42.712,914 

312,473,714 
14,200,000 
50,000,000 

133,384,202 
67,019,705 


100 
75 

^H 

100 

90 

20 
100 

20 
100 

90 
100 

75 

80 
100 

33 

70 

75 
82 
40 
<S 
75 
35 
60 

75 
80 
60 
25 
100 
20 
SO 
90 

66 
SO 

100 

60 
100 

60 
100 


100 

60 
100 
100 

70 


5.79 

1.71 

a  07 

l.SO 
1.18 
2.08 
3.00 

3.1a 

1.6S 
4.54 

100 

1.7S 

1.97 

1.60 

2.03 

1.4S 

1.48 

1.M 

1.23 

3.13 

1.48 

3.35 

8.87 

1.86 

7.98 

3.82 

1.48 

3.4S 

1.30 

2.22 

3.20 

1.89 

1.40 

2.05 

3.38 

1.S6 

1.74 

1.80 

1.83 

1.50 

2.6S 

l.SO 

1.64 

2.42 
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STATE  AND  TERRITORIAL  STATISTICS 


I* 


States  and 

tkwutoribs 


UTAIA 


Alabama 52.250 

JaskaTer 590,884 

Arizona  Ter....  113.0M 

Arkansas ,5^5^ 


California. 
Colorado  •— : 
Connecticut 
Delaware.". 
Dist.  of  Col 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas, 

Kentucky 

Louisiana 

Maine  .•■• 

Maryland  ...••••• 
Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada  .."...•••• 
NewHamp 


New  Jerseir. 
N.  Mexico  Ter. 


New  York... 
N.  Carolina 
N.  Dakota.. 
Ohio  — •••••••••• 

Oklahoma 

Oregon.......;— 

Pennsylvania- 
Rhode  Island* 
S.  Carolina..... 

South  Dakota. 
Tennessee 

Texas 

Utah 

Vermont.. 
Virginia... 
■Washington".. 
W.  Virginia 
Wisconsin  •• 
Wyoming... 


158.360 
103.925 
4.990 
2,050 
70 
58,680 
59.475 
84,800 
56.650 
36,350 
56.025 
82,060 
40.400 
48.720 
33.040 
12,210 
.  8315 
58.915 
83.365 
46.810 
69.415 
146.080 
77.510 
110.700 
9,307 
7.815 
122,580 
♦9,170 
52.250 
70.795 
41.060 
70.057 
96.030 
45.215 
1.250 
30.570 
77.650 
42.050 
265.780 
84.970 
9,565 
42,450 
69,180 
24,780 
56,040 
97,890 


200 
800 
335 
275 
375 
390 

^ 

9 

400 

250 

305 

205 

160 

300 

400 

350 

280 

205 

200 

190 
310 

350 

180 

300 

580 

415 

315 

90 

70 

350 

320 

520 

360 

230 

585 

375 

300 


330 
1.100 
390 
240 
770 
270 
75 
110 


Mo  itffomery 
Junertt 
Phcenix     , 
Little  Rock 
Sacramento 
Denver 
Hartford 
Dover 
iolWashington 
460  Tallahassee 
315  Atlanta 
490Bois6 
380  Springfield 
265  Indianapolis 
210  Des  Moines 
200  Topeka 
175Frankfort 


275 

235 

120 

110 

400 

400 

340 

280 

315 

205 

485 

185 

160 

390 


Baton  Rouge 
Augusta 
Annapolis 
Boston 
Lansing 
St.  Paul 
Jackson    ^ 
Jefferson  G'y 
Helena 
Lincoln  _, 
Carson  City 
Concord 
Trenton, 


Santa  F6 


35 
235 
380 
430 
760 
275 
90 
425 
340 
200 
290 
365 


310 

200 

?10 

205 

210 
290 
180 
SO 
215 
245 
120 
620 
345 
155 
205 
230 
225 
300 
275 


Albany 

Raleigh 

Bismark 

Columbus 

Guthrie 

Salem 

Harrisburg 

Providence 

Columbia 

Pierre 

Nashville 

Austin     ^ 

SaltLakeC'y 

Montpelier 

Richmond 

Olympia 

Charleston 

Madison 

Cheyenne 


REPRESENTATIVE  HOTELS  IN  LEADING 
CITIES. 

United  StatM. 

Albany,  N.  Y.:  Hunpton,  New  Kenmorc,  St»n- 
wix.  Ten  Eyck.  .   ,     „  „.  ^ 

AtLuita,  Gm.:  Aiagon,  Kimball  House,  Pied- 
mont. 

Atlantic  City.  N.  J.:  Arlington,  Chalfonte, 
Marlborough-Blenheim,  Shelburnc. 

Augusta,  Ga.:     Bon  Air,  Oenesta. 

Austin,  Taxas:     Sutor,  Tremont. 

Baltimore,  Md.:  Belvedere,  Caswell,  Emerson, 
Bernert,  Stafford. 

Birmingham,  Aia.:     Hillman,  New  Florence. 

Bisbaa,  Arizona:     Copper  Queen. 

Boston,  Mass.:  Essex,  Parker  House,  Touraine, 
Y(  ungs. 

Bridgeport,  Conn.:     Atlantic,  Windsor. 

Buffalo,  N.  Y.:  Broezel,  Iroquois,  Lafi^etta, 
Statler. 

Butte,  Mont.:     Finlen,  Thornton. 

Camden,  N.  J.:     West  Je.iejr  House. 

Canton,  0.:     Courtland,  McKinle^. 

Charleston,  S.  C:     Argyle,  Charleston,  St.  John. 

Charleston,  W.  Va.:     Kanawha,  RulTner. 

Charlotte,  N.  C:     Sellwjm. 

Chicago,    III.:     Auditorium    Annex,    Blackstone, 

Congress,   Grand  Pacific,   Great  Northern,  La 

Salle,  New  Breevort,  Sherman,  Stratford. 
Cincinnati,  O.:     Gibson  House,  Havlin,  Sinton, 

St.  Nicholas. 
Clavaiand,  O.:     Colonial,  Euclid,  Hollenden. 
Colunr.bus,  O.:     Chittenden,  Hartman,  Southern. 
Dallas,    Texas:    Imperial,    Oriental,    Southland, 

St.  George. 
Denver,  Coio.:     Albany,  Brown  Palace,  Savoy. 
Des  Moines,  Iowa:     Cniamberlain,  Savefy. 
Detroit,      Mich.:     Cadillac,      Griswold      Bouse, 

Pontchartrain,  Wayne. 
Duiuth,  Minn.:     Spalding,  St.  Louie. 

El  Paso,  Tex.:     Sheldon,  St.  Regis. 
Erie,  Pa.:     Park  View,  Reed. 
Evansvilie,  Ind.:     Acme,  St.  George. 

Fail  River,  Mass.:     Evans,  Mellen. 

Ft.  Worth,  Texas:     Delaware,  Touraine,  Worth. 

Qaiveston,  Texas;     Palmetto,  Rqval,  Twmont. 
Grand  Rapids,  Mich.:     Morton,  Pantlind. 

Harrlsburg,  Pa.:     Bolton,  Commonwealth. 
IHartford,  Conn.:     Allyn,  Heublein,  New  Dom. 
Helena,  Mont.:     Broadwatei,  Graodon,  Helena. 
Houston,  Texas:     Brazos,  Macatee,  Rice. 

Indianapolis,   Ind.:     Cla/pool,  Grand,  New  Eng* 
lish,  Denison,  Edwards. 

Jacksonville,  Fla.:    Windaor. 


ji 


REPRESENTATIVE  HOTELS  IN  UEA0IN6 

CITIES. 

KwiMt  City,  Mo.:     Baltimor*.  Coate.,  Kupper, 

Knat'T'nn.T-  Cumberland.  ImperUL 
Ltwrenw.  Kan.!     Lawrence,  New  Eldridge. 
SSrinolon,   Ky.:     Leland,  Phoenix. 
Lincoln,  Neb.:     Lincoln,  Lndell. 
I  »»i*  Rook    Ark.:     Capitol,  Marion. 
LM   Anoele^    Si.:     ATexandria.    Angelu..    Hay. 
wood,  Holl-nbach.  Van  Nuys. 

Lowall,  Maafc:    Franklin,  St.  Charlea. 
Manwhet^er,  N.  H.:     New  Manchester,  Oxford. 

thorn. 

Naihvllla.  Tenn.:     Duncan,  Maxwell. 

21!;  Bedford    Maaa.:     Manhattan,  Parker. 

hIZ  Havan.  'CcJ!!:;     Davenport.  Moaeleys.  New 

NeS^'oflea?.?  Kf **  Commercial.    CogmopoHtan. 
De  Soto    Grunewald  .Monteleone.  St  Charles. 

Plaza.   Prince  George,  Savoy,  St.  Regis,   vie- 

NlSi«'  ?int  N^^Y^fHataract,  Imperial,  Inter- 

Mtional.  Prospect  House. 
Norfolk,  V«.:    Lorame,  MonticeUo. 

New  Murray,  Loyal,  Borne. 
Pasadtnt,  Cal.:    ^^h^'T^'^^^ 

ffiili'liii.  P^:'  bJ^P'uU^^^^^^^  Bi2.h;m, 
Colonnade,  Continental,  St.  Jamea,   wauon. 

DkAMix    Arlr.;     Adams,  Commercial. 

PluSuiTl,  Pa.:  Colonial  and  Annex.  Duqueane. 
Fort  Pitt    Henry,  Lincoln,  Schenley. 

Poffiwd,  &.?    iJiayette,  New  Falmouth.  West 

Portland.  Ora.:     Oregon.  Portland. 

Preaeott,  Arlx.:     Burke.  

ProSdanoa,  R.  I.:     Crown.  Narraganaett. 

Raadlng,  Pa.;    Mansion.  Penn. 
Redlandt,  Cal.:     Casa  Loma. 
Richmond.  Va.:     J.^lTerson.  Richmond. 
Rivarsida,  Cal.t     Olenwood. 


REPfinENTATiVK  HOTELS  IN  LEADINtf 
CITIES. 

RoohMttr,  N.  Y.:     Eagleaton,  Powen,  RoehMtaiw 

Seueca,  Whitcomb. 
St,  Jossph,  Mo.:     Metropole,  St.  Charles. 
St.    Louis,    Mo.:     Buckingham,    Jetferaon,    MaN 

quette,    Maryland,     New    Planters,    Sonthern, 

Washinfirton. 
St.   Paul,   Minn.:     Frederick,  Magee,   Ryan,   St. 

Paul. 
Sail  Lako  City,  Utah:     Cullen,  Kenyon,  Knutc- 

ford,  Newhouse,  Semloh,  Utah,  Wilson. 
San  Antonio,  Toxas:     Bexar,  Hot  Wella,  Menger. 
San  Oiogo,  Cat.:     Hotel  del  Coronado. 
San  Franoisoo,  Cai.:     Argonaut,   Fairmont,  Pal- 
ace, St.  Francis. 
Santa  Barbara,   Cal.:     Arlington,  Potters. 
Savannah,  Ga.:     De  Soto.  ' 

Schenaotady,  N.  Y.:  Edison,  Vendome. 
Soranton,  pa.:  Casey,  Jermyn,  Schadt. 
Seattia,  Wath.:     Butler,  Perry,  Savay,  Sorrento, 

Washin;?ton. 
Spokane,  Wash.:    Spokane,  Pennington,  Vletoria. 
Sprinofiflid,  Maaa.:    Cooleys,  Massasoit.  Worthy. 
Springfiald,  0.:     Arcade,  Bookwalter. 
Byracuae,  N.  Y.:     Onandaga,  St  Cloud,  Vander- 

bilt,  Yates. 

Taooma,  Wash.:     Donnelly,  Tacoma. 
Toledo,  0.:     Secor,  Boody,  St.  Charles. 
Trenton,  N.  J.:     Trenton,  Windsor. 
Troy,  N.  Y.:     Mansion  House,  Renaselaer. 
Tucson,  Ariz.:     Santa  Rita. 

Utioa,  N.  Y.:     Braggs,  Butterfield. 
Washlnoton,    D.    C:     Arlington,    New    Willard, 
,.„?.*'*'j'f'''  SLoreham,  St.  Jamea. 
Wiikesbarrt,  Pa.:     Reddington,  Sterling,  Termi- 

nal. 
Wilmlnpton,  Del.:     Clayton  House,  Wilmington. 
Woroaster,   Mass.:     Bay  State,  Warren, 
|Younot'own,  0.:     Tod  House. 

Canada. 
Calgary,  Aita.:     Alberta. 
[Edmonton,  Altar:     Alberta. 
Tort  William.  Onl.:     Avenue. 
Halifax,  N.  S.:     Halifax. 
Hamilton,  Ont.:     Royal,  Waldorf. 

Letfibrido*.  Alia.:     Lethbridge. 
I -ondon,  Ont.:     Tecumseh. 

Montreal.   Qua.:     La  Corona,  Place  Viger,   Hie 
Queens,    "St    Lawrence   Hall,"    Tue  Wellaad. 

Windsor. 

lOtfawa,  Ont.:     Russell  H'^use. 

jPrinca  Albart,  8aak.:     Windsor,  Avenue. 


» 


HCPREnNTATIVE  HOTEI-8  IN  LtMOIMO 
CITIES. 

g||Mld,  Qut.t    Cluitcrau  Frontenac. 

fi)^"**  ^•^^•'     Kins'*- 

!l.  Johns.  N.  B.:     Boyal. 
autt  8U.  Maria,  Ont.:     International. 
Saakatoon,  Suk.:     Flannigan. 
Toronto,  Onl.:     Iroquoia,  King  Edwanl,  Queens, 

Uouin  liouae. 
Vandouvor,    B.    C:     Astor,    Commercial,   Metro 

pole,  St.  Francia,  Strand,  Vancouver. 
VIetorIa,  B.  C:     Driard,  Empress.  . 

Winnipag,    Man.:     Clarendon,    Mamaggi, 

Aleaandre.  ,.    . 

Maxioo. 


Royal 


Aouatoailantsa:     Belina. 

Calaya:     Oomea. 

Chapala:     Araapalo,  RivM-a. 

Chihuahua:     Palacio,  Robinson. 

Collma:     Central. 

Cordoba:     Cevallos. 

Cuautia:     San  Die«o. 

Cuarnavaoa:     Morelos,  Bella  Vista. 

Culiaoan:     Roaales. 

QwMialalara:     Cosmopolita,   Garcia. 

Guanajuato:     Wood's  Hotel. 

Quaymaa:     Albin. 

Irapuato:     Jardin. 

Jalapa:     Gran. 

Laon:     Gto.  Oucfrra. 
Matahuala:     Villasoa. 
Mazatlan:     Central. 
,  Morlda:     Imperial. 
Maxioo  City:     Geneve,  . 

Maw  Porter'a,  Sana,  St.  Francis. 
Montaray:    Iturbide. 
Morolia:     Oaeguera. 
OaxaOi^:     Chavez,  Hotel  Francia. 
Oootlan:     Rivera.         ,    ,    ^ 
Oriiaba.  V.  C;     Hotel  de  Francia. 

Paehuoa:     OrenfaU  Hotel,  Hotel  de  las  Banas. 

Parral:     Fuentes. 

Popo  Park:  •  Popo  Park. 

Puabia:     Hotel  del  Pasaje. 

Quarataro:     Gran. 

Saltiiio:     Coabuila. 

San  Lula  Potoal:     Sana. 

SNoa:     San  Julian. 

Tampioo:     Continental. 

Taplot     La  Bola  del  Oro. 

Toluoa:     Andueaa. 

Torraon:     Hotel  Salvador. 

Varaorui:    Diligencias. 

Zaoataaaa:     La  Plasa. 


Iturbide,  Jardia,  Palace 
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